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TEAN^SLATOES' PEEFAOE. 



We have undertaken the translation of this little 
work, hoping that it will supply a need which has 
been long felt by American students and physicians. 
We do not know of a single work in the English 
language where, in a concise form, so many valuable 
suggestions and practical hints are offered, both as 
regards analysis and diagnosis. The book does not 
pretend to be an elaborate and exhaustive treatise on 
the diseases of the genito-urinary organs; such an 
idea is at once precluded by the title and size of 
the work. It merely claims to contain all that is 
necessary for the student and practicing physician. 

The merit of the work is sufficiently attested by 
the popularity it already enjoys in Germany and Aus- 
tria, and the fact of its having appeared in three 
languages during the year of its publication. 



4 TRANSLATORS' PREFACE, 

While making no claims to elegance of translation, 
we have endeavored to be faithful to the original text, 
and at the same time to explain the methods of pro- 
cedure so clearly, that without other aids the student 
may be able to perfect himself in the rapid analysis 
of the urine, and furthermore to draw his conclusions 
from the same. The added plates, which do not appear 
in the German edition, are principally taken from 
"Ultzmann and Hofmann's Atlas der physiologischen 
und pathologischen Hamsedimente," and from photo- 
graphs kindly furnished by Dr. Ultzmann, imder whose 
supervision we Lave performed our work. 

The TBAKSLATOEa 

ViBNNA, December 20, 1878. 



AUTHOES' PEEFAOE. 



Db. T. Barton Brune, A. M., M.D., and Dr. H. 

HoLBROOK Curtis, Ph. B., M. D., the translators of 
our " Analysis of the Urine," have requested of us a 
preface for the Second English Edition. 

We willingly comply with this request, and wish 
to express our gratification at the reception our book 
has met with in the United States. Our object in 
writing has been to provide practitioners in medicine 
with a clear and concise guide to the diagnosis of dis- 
eases, especially those affecting the urinary apparatus. 

We have eliminated all unnecessary matter, and 
have endeavored to make our processes so simple that 
but a limited knowledge of chemistry will be necessary 
to understand our tests. Though we could not our- 
selves undertake to revise the new edition, on account 
of the distance and the limited time allowed for the 
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introduction of new matter, we do not doubt that the 
high qualifications of the translators will be a warrant 
for the correctness of the work. 

Pbof. K. B. Hofmann. 
Db. R. Ultzmann. 

YuENKA, Austria, February^ 1886, 



TRAJS'SLATORS' PREFACE TO THE 
SECOND EDITION. 



The raison d'etre of this edition is to be found in 
the recent advances made in urinary analysis, particu- 
larly during the last three years, and in the gratifying 
fact that, in epite of the simultaneous appearance of a 
translation made in the West and unauthorized by the 
' authors, our own translation has been exhausted. We 
have endeavored to revise the previous edition, and to 
I incorporate in this all that has recently been added 
I to our knowledge which will be of especial interest to 
I the student and practitioner of medicine. At the end 
I of the work is appended a translation of Dr. Ultz- 
Imann'a description of his saccharimeter. All addi- 
I tions made by us to the original text are inclosed in 
I brackets [ ]. 



The Trauslatoes. 



Deoemher 16, 1886. 



TRAI^SLATORS' PREFACE TO THE 
THIRD EDITION. 



It ia a fact pleasing to the translators and editors 
of this work tliat a third edition should be called for 
in so short a time after the appearance of the second. 
And yet, short as the time has been, so much has been 
published during this period upon the investigation of 
the urine that it has been no easy task to incorporate 
in the present volume all the recently acquired knowl- 
edge which is of importance for physicians and stu- 
dents of medicine. Much has necessai'ily been omitted, 
but we do not believe that it has been to the detriment 
of that portion of the public for whom this work is 
intended. 

In the form of appendices we have introduced a 
short sketch of albuminuria in its latest aspects, and- 
have mentioned some of the newer and more promising 
tests for albumen and sugar. We have also given a 
brief account of some reducing substances which are of 
practical importance in view of their reactions with 
certain tests commonly used for the detection of sugar. 

As before, our additions to the text are inclosed in 
brackets [ ]. 



The Tbanslatoes. 
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ANALYSIS OF THE URINE. 



INTRODUCTION. 



The results of the generally complicated ctemici 
procesaes upon wliich depends the basis of animal life 
are, on the one hand, the building up of the body, and 
on the other the breaking down of the same, both 
included in the common term " regressive (?) tissue meta- 
morphosis." The used-up material — i. e., that which 
has lost its value to the animal economy — ^becomes 
eliminated by the skin and lungs (chiefly in gas form), 
and by the intestines and kidneys (in solid or liquid 
form). 

In order to have a perfect conception at various 
times of the nutrition and state of the body (including 
the normal or pathologically changed material), the 
greatest possible care must be exercised in the investi- 
gation of the excretory ducts themselves, their precise 
function, and the nature of the material eliminated by 
them. 

In order that the physician may obtain an adequate 
idea of the changes which take place in the organs of 
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the body, it is important to observe earefuUy that most 
importaat secretion of the same, the urine. 

The urine indicates, at least veiy nearly, by its 
qualitative and quantitative changes, the variation in 
tissue life. It offers in addition the advantage of easy 
collection, and its analysis, so far as it interests the 
practicing physician, can be made with simple appa- 
ratus. The kidney, inasmuch as it is subjected to dis- 
ease, is not a lifeless filtering machine. Through its 
pathological processes material is added to the urine, 
from the presence of which alone is the physician able 
to make a diagnosis. The urine offers also in general 
an indication aa to the condition of the entire body 
(including its constitutional diseases), and in particular 
concerning the secretory and excretoiy urinaiy appa^ 
ratus. On .account of the peculiarities of the numerous 
substances excreted by the kidneys, the urine possesses 
a great interest for the physiologist and chemist, and 
under certain circumstances for the medico-legal expert 

The endeavor to diagnose disease from observation 
of the urine extends back to the remotest period of 
medical research. The changes of the mine did not 
escape Hippocrates in his close investigation of diseases. 
He taught his scholars, under his personal supervis- 
ion, the symptomatic and prognostical signification of 
changes in the urine, so far as the then existing state of 
the other sciences permitted. He directed attention to 
the external characteristics of the urine, its abnormal 
amount, color, and clearness, its cloudy or muddy ap- 
pearance, and the visible differences of the sediment ; 
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' and lie referred these indications to diseases of the 
urinary organs. However arbitrary his explanations of 
the appearances may be, his observations are for the 
most part correct. He even endeavored to demonstrate 
the influence of various foods and diinks on the consti- 
tution of the urine. We find also in the descriptions of 
diseases by Grecian writei-s the character of the urine 

t considered according to his methods, without departing 
materially from the views of the great Coic physician. 
Since Galen more sharply defined and systematized the 
teachings of Hippocrates, they have prevailed as incon- 
testable truths. For a long time after Hippocrates the 
investigations on the mine made no progress. Through 
the following century one finds bat an occasional writer 
who added anything by his own investigations to these 
transmitted treasures. 

To the Arabian Ibn Sina (980-1037), usually known 

I as Avicenna, belongs the merit of having called atten- 
tion to the fact that different external circumstances, as 
fasting, wakefulness, over-exertion, and strong emotions, 
have an Influence upon the chai-aeter of the urine. He 
proved also that absorbed medicines which are excreted 
by the kidneys would cause an accidental coloring of 

I the urine. By hie successors in the Arabian school 

I nothing of importance waa added, although, particularly 
in the East, each court had an examiner of urine (uro- 

I scoperi). The most important writer on this subject in 
the ancient and middle ages is without doubt Johannes, 
Bumamed Actuarius, who lived In the thirteenth century 
at the Byzantine Court, Uniting his experiences with 
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the observations of tlie Hippocratic-Galenie schools, he 
treated in his seven-volumed work " trepl ovpa>v" in the 
minutest detail, the physiological and pathological 
changes of the urine. He gives even a deecnption of 
the best methods of observation. In this he excela 
because of his cleai-ly detailed demonstiation. This 
work, in which nearly everything was exhausted which 
could be aeeompliehed by the then existing methods, 
found in succeeding time so little emulation that this 
part of aetiology more and more declined. How far the 
interpretation of changes in the urine had advanced is 
most clearly demonstrated by the circumstance that it 
furnished material for the satirical representations of the 
Dutch school of genre painting, as well as for many 
comedies of Molifere and other poets. 

As they had most defective ideas as regards the 
chemical composition of urine, it was possible for the 
old observers to take into consideration only its physical 
properties. We can expect true progress only when 
chemistry and its methods of investigation have under- 
gone marked development. This decided advance dates 
from the time of Lorenzo Bellini of Florence (1643- 
1704). Bellini evaporated the urine, and observed that 
by the gradual addition of water the residue was again 
dissolved, and the solution gradually brought hack to 
its oiiginal condition, through different degrees of color 
and taste. He concluded thereupon that the variation 
of color and taste depended upon the ratio of the con- 
tained watei' to the solid constituents — a conclusion upon 
which even now Vogel's color scale is based 
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Now important chemieal discoveries followed quickly 
upon one another. Willis discovered sugar in the urine. 
Brandt discovered phosphomB, the origin of which 
Markgraff attributed to the coutained phosphates. 
Rouelle the younger discovered urea in 1773, and found 
that in the urine of herbivora were contained carbonate 
of calcium and a aubatance, hippuric acid, related to 
flowers of benzole. In the year 1770 Cotugno found 
albumen in the ui'ine ; in 1798 Cruikshank declared tlie 
relation of thia condition to dropsy ; and in 1827 Bright 
proved the connection between kidney disease and al- 
buminuria. At the same time attention was turned to 
the chemical analysis of gravel and calculi. Among 
the numerous deserving works on this subject are those 
of Scheele, Wollaston, Wetzlar, and Piout. 

The present advanced state of uroacopy is due 
chiefly to the labors of two Frenchmen. Rayer's re- 
seai-ches, which ai-e included in his great work "Les 
maladies des reins" (1837-41), laid the foundation of 
oxix present knowledge of kidney diseases. Becquerel, 
the son of the renowned phyaicist, had busied himself 
for a long time with urine analysis imder Andral's di- 
rection, to whom he modestly assigns the credit of stim- 
ulating him to his investigations. He published the 
I results of years of observation in his work " S^ralotlque 
des urines" (1841). Through the thirty years which 
followed the publication of that book many observers 
turned tlieir attention to this subject, so that no other 
part of organic chemistry possesses so full a literature 
as this. 
^ I 
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18 INTRODUCTION. 

After this short sketch of the development of our 
subject, it only remains to describe in a few words the 
arrangement of the matter which is here offered. After 
a cursory account of the microscopical construction and 
the function of the urinary apparatus, without a knowl- 
edge of which an understanding of its pathology is 
impossible, the physical properties and the chemical con- 
stituents of the urine will be separately treated, at least 
so far as is important for the practicing physician. A 
description of the microscopical part, viz., the sediment, 
will then be added. The many repetitions which occur 
are suitable rather than blameworthy for the beginner. 

It is to be hoped that the short table for the method 
of investigation will not be useless to the beginner. 
The conclusion is formed of a compendium of the simple 
uncomplicated diseases of the urinary apparatus, as far 
as the indications form valuable signs for their diag- 
nosis. 
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CHAPTER I. 

HI8T0L0QY OF THE URINARY ORGANS. 
1. THE KIDNEYS,* 

one cuts through the kidney from the papilla to 
the fibrous capsule, it is possible to clearly discern with 
the unaided eye a concentric arrangement of layers, i. e., 
the striated medulla and the more granular cortex sur- 
rounding the same. 

If the blood andurinaiy vessels have previously been 
treated with different-colored injection fluids, it is possi- 
ble to distinguish further subdivisions on the cut surface. 

In the papilla and close upon the same the kidney, 
by injection of the urine-tubes, shows striations; this 
portion is known as the papillaiy part of the medulla. 
Above this comes a section which is also striated ; but 
the etriationa alternate with those filled with the colored 
injection fluid of the blood-vessels ; this is known as the 
boundary or limiting layer of the medulla. The third 
and outermost layer surrounding the others is called the 
cortical layer. 

• The investigations of Eoliiker, Schweigger-SeiiJel, and Lndwig, serve 
lh the banifi fur tiiis deeoription of histological relations. 
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By the colored injection fluids we distinguish the 
two component parts of the cortex. Oue of these is 
striated, and contains the iujection fluid of the ui-inifer- 
oua tubes, which striations are the direct continuations 
of the straight tubes of the medulla, and are called 
medullaiy rays (Markstrahleu), or the prolongations of 




s. 1. — Plane section through the kidney of a dog: the urine- rtnd bload-vessola in- 
jected, p, pnpillBrj part, and ^, boundary or iiniiting layerof the medulla; J", cor- 
tex. The dark etmtionB of the medulla, A, are bundles of urioe-tubeB. Thecan- 
tinuBtionB of tfae aame into the cortei are the medullary rays, m. The light 
spacea of the medullary portion, &, correspond to the fasciculi of blood-TesaelB 
in the medulla. The light epaees of the cortex studded with dots (glomeruli), 
t, represent the situatiun of the labyrinth. 



the pyramids ; the other part shows principally small 
round bodies (glomei-uli), colored by the injection of 
the blood-vessels, and is the so-called labyrinth of the 
kidney, or, in a narrower sense, the cortex. 

In support of this, with the microscope we find the 
papillary part to be made up of straight tubes ; the 
boundary, pai-tly of straight tubes and partly of straight 
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blood-vessels ; the medullaiy raya, principally of straight 
urine-tubes ; and finally the labyrinth, partly of looped 
urine-tubules, and partly of tortuous blood-vesBels. 

This system of blood-vessels and urine-tubes is sup- 
ported by a meagre stroma, denser in the medulla than 
in the cortex. On the external surface of the kidney 
this substance becomes a delicate membrane, which is 
loosely adherent to the fibrous capsule. The capsule is 
composed of ordinary connective tissue, with numerous 
fine elastic fibres. It envelops the whole organ, is in- 
serted in the hilus, and, surrounding the blood-vessels, 
Bends prolongations to the pelvis of the kidney. 

The 'Urinary tuhuhs have their origin in the laby- 
rinth. Each begins there with a spherical dilatation 
(capsula Malpighii), and " continues as a narrow neck, 
opening to a vrider tube, which, after many windings, 
runs toward the meduUa. When, as a wide, convoluted 
tube, it has reached the boundary, it suddenly becomes 
of less calibre, and as a narrow canal penetrates more 
or less deeply into the medulla; here the descending 
straight tube turns on itself, forming a nari'ow loop 
(Henle's loop), and runs directly upwai'd toward and 
into the coi-tex. On reaching the cortex the canal does 
not seek the place of its origin, but avoids it and runs 
alongside the nearest medullary ray. Sooner or later it 
loses Its straight direction, and with several convolutions 
fpasses as a widened tube (tubulus contortus) among the 
curved canals of the labyrinth. From there it turns 
and enters one of the tubes of a medullary ray (Bellini's 
tubes), the convexity of its curve directed toward the 
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surface of the kidney, thus losing its independent course. 
The latter ocelli's as follows : Several canals run from 
different directions to the same place and become blended 




Fio. 2. — p, P&pilla. g, Boundarj. r, Cortex. I, Capauta glomeruli. IT, CanvO' 
luted pordoD of tubule paseing into m, descending branch of Henle's 
loop, b, Heole's loop, IV, Ascending brancli of Hcnle's loop. V, Con- 
Tolutcd portion of tubule joining TI, tubuluB Be11inianu3. TH, Another 
tabulus Bellinianua. Vni, Common ditct. IX, Diictu9 papillans, 

into a straight wide tube " (tubulus BellinianuB, Fig. 2) : 
this runs a direct course untU it reaches the papillary 
part of the medulla, where it unites with a neighboring 

• The quotaliouB are from 0. Ludwig. See Strieker's " Handbook of Hiatologj." 
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tabe and so continues (Fig. 2, VIII.) until the united 
tubes, as the so-called ductus papillaris, empty into one 
of the calices. 

The wall of the capsula Malpighii is made up of a 
mosaic of cells. The glomerulus is not directly sur- 
rounded by the fluid contents of tlie capsule, this being 
prevented by a layer of nucleated cells not easily de- 
fined, which covers the bunch of blood-vessels. " Be- 
ginning at the neck of the capsule, and extending as far 
as the commencement of the ductus papillaris, the canal 
wall consists of a tunica pro^iria, lined on the inner sur- 
face with epithelial cells." The tunica propria is a ho- 
mogeneous, vitreous, and elastic membrane. 

The epithelium which lines the basement membrane 
is a single layer of nucleated cella The form of the 
nuclei ia always the same, round, shar^ily defined, and 
fiho^ving numerous granulea The body of the cell, on 
the contraiy, vaiies much as regards fonn. 

In the convoluted tubes the epithelium forms a con- 
[ tinuous, jelly-like, opaque mass, with imbedded nuclei. 
' A division of this mass into cells corresponding to the 
I number of nuclei seems impossible. " This epithelial 
pulp lies only lightly upon the basement membrane ; ao 
[ that by making cross-sections of the tube the mass can 
j be readily drawn out in a cylindrical form. Micro- 
j Bcopically, fat -globules and other dark gi'anules can be 
I seen in this pulp, which is cleared up by addition of di- 
I lute acid. Often after the clearing up by acids isolated 
i nuclei appear. In the small canals which form the 
L arms of Henle's loops appears a thin and transparent 
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lining epitheKum, the cells of which by their nuclei are 
brought into cleai- relief." 

On the other side of Henle's loops, where the di- 
ameter of the tubes becomes greater, the epithelium 
presents the appearance of true cylindrical cells, which 
are laid over one another as shingles, iu a direction 
from the medulla to the cortex. In the tubuli contorti 
we find again the same jelly-like aiTangement as in the 
curved tubes leaving the capsuls Malpighii. In the 
straight tubes, even to the ductus papiUaiis, the epithe- 
liuni is built up of a single layer of sharply defined cy- 
lindrical cells, with their broad bases toward the canal 
wall and their blunt points toward the lumen. (PI. L, 
Fig. A, 1.) 

TiiE Blood-vessels of the Kidneys. — The arteria 
renalis sends the gi'eater part of the blood through the 
cortex. Its branches penetrate without forming meshes 
to the limit of the cortex, and here breaks up suddenly 
into very fine ai'teries, the arteriolfe interlobulares and 
art«riol£e rectse. 

The a/rteriolcB interlobnla/res run between every two 
medidlary rays. Having reached the layer of convo- 
luted tubules, they give off a small branch to each cap- 
sula Malpighii. This little branch (vas afferem glome- 
ruW) pierces through the ball-like termination of the 
urinary canal (according to others, it only presses in), 
and breaks up here " into a free waving bunch of capil- 
laries (glomeruli), which unite again within the capsule 
to form a common venous stem, the vas efferens glome- 
ruli." This stem leaves the capsule in the same place 
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that the vaa affierens enters. After the vaa efferens 
leaves the capsule, " it takes its direction toward its 
own medullary ray, or when this is wanting (as in the 
outermost layer of the cortex), at once towai'd the con- 
voluted tubes, where it breaks up into a number of car 
pillaiies, fonning a network of anastomosing meshes 
around the tubules." The vasa efferentia communicate 
r by means of capillarlea with one another throughout 
' the cortex, and also with the vessels of the medulla, in 
the same manner. 

The art^Holw rectm, which go fi'om the cortex into 
the medulla, have their eourae in the slit-like spaces 
which lie in the limits of the medulla between the bun- 
dles of urinary tubules, and run to the papiUse, in the 
mean time dividing up into several parallel branches. * 
When these vessels meet the converging bundles of the 

I urinary canals, they break up into capillaries surround- 
ing the miuaiy tubes, and then are distributed to the 
surfaces of the jiapiUse. This network of capillaries 
communicates with that of the coi'tex. 
From the above-deecribed capillary nets the venous 
stems aiise. In the coi'tex of the kidney, especially 
in that layer external to the glomeruli, the union of ve- 
nous stems is star-shaped (veme stellatse). The com- 
mon venous stem penetrates that part of the cortex en- 
dowed with glomeruli and medullary rays, lies along- 
Mde of an arteria interlobularis, and receives numerous 
branches from the cortical network. 
The venuloB rectw run in the same clefts with the 
arteries, and on the border of the medulla unite with 
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the veijiB coming from the cortex to form greater stems. 
The capsule receives its vessels partly fi'om the arteriee 
interlobulares, and partly from other arterial stems in 
the neighborhood, viz., the arteria pbrenica, lumbalia, 
and supra-renalis. Their capUlariee run pai-tly into the 
vense steEat^ of the cortex and partly into the veins 
corresponding to the above-mentioned arteries. 

The Nerves of the kidney are supplied by the 
plexus cceliacus of the sympathetic. Their termina- 
tions in the kidney are unknown. They run alongside 
the great blood-vessels in the same manner as the 
lymph-vessels which empty into the glands of the groin. 

2. THE EXCEETOEY DUOTS. 

The ureters, pelvis, and calicea have an external fibrous 
coat, a layer of unstriped muscular fibre, and an internal 
mucous membrane. The fibrous coat is continued into 
the tunica albuginea of the kidney, and is composed of 
ordinary connective and elastic tisane. The muscular 
coat of the ureters consists of three layei's. The inner- 
most is composed of longitudinal fibres, the middle of 
transverse, while the external and weakest is again 
made up of longitudinal fibres. In the pelvis the ar- 
rangement is the same. In the calicea the muscular 
layers become thinner, and are finally wanting at the 
borders of the papillie. The mucous membrane is thin, 
tolerably vascular, and without glands and papilla. 
The epithelium is in layers, and is characterized by the 
size and form of its elements. The cells in the deep 
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layer are round aud amall ; in the middle layer tliey are 
cylindiical and splierical, aud possess prolongations; 
while in the outer layer they ai'e many-angled ahd flat- 
tened, and vary considerably as regards size. (PI. I., 
A, 2.) 

The Bladder possesses the same arrangement of lay- 
ers. The muacular layer is often considerable, but the 
fibres run so irregularly that a schematic rejiresentation 
is impossible. The internal layer is found to be made 
up of a network of circular fibres, which form oblique 
and cross meshes about the neck of the bladder, and 
are in greatest quantity around its month, forming the 
sphincter vesicte. Upon these cij'cular fibres lie the 
more external muscular fibres, which run in different 
directions. The trigonum Lieutaudi consists simply of 
a thickening of the layers of connective tissue extend- 
ing from the ui'eters to the caput gallinagiuis. The 
mucous membrane has (except at the trigonum) a dense 
submucous layer, which is tolerably rich in blood-ves- 
sels and nerves, especially at the fundus and neck. In 
the neck and toward the fundus of the bhwlder are 
found glands formed like bunches of grapes, which 
have a cyHndrieal epithelium and mucous contents. 

The epithelium of the bladder is of several coats, 
and varies like that of the ureters in its different layers. 
The innermost, which lines the cavity of the bladder, is 
composed of cells which show a more flattened appear- 
ance, but differ greatly in size and shape. The middle 
layer is formed of young cells with conical ends turned 
away fi'om the cavity of the bla^lder. These prolonged 
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ends often extend into the deep layer. The deep layer 
is composed of irregular oval cells, which, as opposed to 
the middle layer, have their smaller ends in the direc- 
tion of the cavity of the bladder. (PI. I., A, 3.) The 
blood-vessela of the bladder are the arteria vesicalia, su- 
perior and inferior, springing from the arteria hypogas- 
trica. These enter the bladder wall at the fundus, 
piercing the muscular layer in an oblique dii'ection. 
Here they give off bi-anches, which break up into capil- 
laries in the layer of connective tissue beneath the epi- 
thelium. The nerves are found in greatest abundance 
at the fundus, in the connective tissue of wliich it is 
possible to recognize the axis cylinders of their fibres. 
Their terminations are unknown. The blood-vessels 
and nerves of the ureters are similar to those of the 
bladder. 

The Male Urethra has a corpus cavemosum with a 
fibrous coat and loose tissue similar to that of the penis, 
only much more delicate. It has a glandular organ, the 
prostate, which supports it. The mucous membrane 
permits to be seen beneath it a layer of connective tis- 
sue, rich in elastic fibres. External to this are trans- 
verse and longitudinal smooth muscular fibres, both in 
the pars prostatica and membranous portion of the 
urethra. 

The epithelium of the male urethra is composed of 
cylindrical cells (PI. I., B, 1), but in the forward half of 
the fossa navicularis we find papillae and pavement epi- 
thelium. The epithelium of the ducts of the accessory- 
glands, as the prostate, Cowper's, and Littre's, and that 
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of the vesicula prostatica, is cylindrical and almost in- 
distinguishable from that of the urethra (PL L, A, 4 
and 5, and B, 3). 

The Female Urethra has no .bulb ; the mucous layer 
is very vascular, and is lined with pavement epithelium 
(PL I., B, 2 and 3). Only a small number of Littr^'s 
glands are found. 



CHAPTER n. 

TEE EXORETIOK OF THE URINE. 

Thb function of the kidneys consists in the secretion 
of the urine ; that of the bladder and urinary ducts, in 
the gradual collection, retention, and discharge of the 
same. A perfectly satisfactory explanation of the secre- '. 
tion and excretion of the urine in all its details la ■ 
wanting. 

Bowman advances the theory (in which he is sup- 
ported by the anatomical construction of the kidneys) 
that the epithelial cells are the secretory organs, and 
that from the glomeruli only water escapes, which 
extracts the other constituents of the urine from the 
epithelial cells. 

Ludwig bases his theory upon the varying blood- 
pressure in the renal vessels, and the interchange of 
constituents by osmosis through the animal membranes. 
He assumes that the pressure in the glomemli is greater 
than in the capillary system immediately surrounding, 
and that consequently a profuse exudation of water j 
occuiB from the Malpighian tufts, which contains dis- 
Bolved salts (also blood serum, a little albumen, and fat- 
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f globules). Aceordingly, one finds in the urinary canals 
■tliin urine and in the surrounding capillariea tliictened 
I blood. These two fluids of such different densities, 
Isepai-ated by a thin membrane, cause a ready osmosis, 
by means of which water from tlie uriaaiy tubes enters 
the thickened blood ; on the other hand, the urinary 
I tubes receive from the blood the products of letrograde 
I metamorjjhoaia (urea and salts). In this manner the 
I Watery urine becomes more concentrated and richer in 
I urea and salts — a true urine. The absence of albumen 
[ may be accounted for from the fact that it passes 
I through animal membrane with much difficulty and 
I only under great pressure. Under a pathologically 
[ heightened blood-pressure in the glomerali (as stagna- 
I tion of the renal venous system), one always finds albu- 
men in the urine, but never under a physiological 
blood-pressure. Though this theory explains many 
physiological and pathological facts, it does not show 

ttow an acid urine can be secreted from an alkaline 
"blood-serum. Hence the mechanical theory of Ludwig 
attributes to the glomerulus a process of filti-ation, and 
in the further course of the urinary tubes a process of 
osmosis, the office of the epithelium being wholly left 
out of consideration. 
According to GoU and Max Hermann, the difference 
in pressure between the contents of the blood-vessels 
and the urinary tubules constitutes a chief motive jiower 
which forces the urinary constituents of the blood into 
the urinary tubules. Consequently if the blood-jiressure 
in the renal artery is increased, then there is an increase 
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in tlie amount of urine secreted ; but if the blood- 
preasure in the renal artery is diminished, or the pi'es- j 
aui'e in the ureter approaches the normal blotid-pi-essure I 
in the artery, then is the secretion of mine lessened or J 
made to cease entirely, long before the pressure in the ] 
ureter has reached the amouut of pressure in the renal I 
artery. 

Ustimowitseh and Griitzner have elaborated these 1 
theories to such an extent as to demonstrate, by experi- ] 
ments on the dog, that the secretion of urine is not | 
dependent upon the general blood-preesure, but upon I 
the local pressure in the glomeruli of the kidney. If J 
the medulla oblongata of a dog be divided and the gen^ 
eral blood-pressure be artiflcially increased by a current j 
of electricity, the secretion of urine is prevented entirely, 
for the reason that the small vessels of the kidney be- " 
come contracted. If now the nerves of one kidney bei | 
divided, there ensues a profuse secretion of urine ou j 
that side, while no urine Hows through the ureter of the [ 
other kidney. This is due to the fact that by section of j 
the vaao-motor nerves of the kidneys the smallest J 
arteries become expanded and relaxed, by which means I 
the blood-pressure in these small vessels is increased \ 
and the secretion of urine brought about. Ustimo-' 
witsch also shows that by a diminution of the general I 
blood-pressure an increase in the secretion of urine 1 
ensues. If one, for example, cuts through the sym-J 
pathetic nerve, which contains the vaso-motor branchesj 
for the kidney, the blood-pressm'e in the aorta 
reduced, but at the same time an expansion of the eniall-] 
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renal arteries occurs, causing an increase of tbe urinary 
Becretiou. 

Heideahain aud Wittieli support tlie theory of Bow- 

I man in regard to tlie secretory function of the epi- 
thelium ; while they prove, by their experiments with 
indigo-sulphate of sodium, urate of sodium, and caimi- 
nate of ammonium, that these substances become sepa- 
rated by the epithelial cells, 

K, Miiller's investigations show that the exeretion'Of 
urine is increased by the application of cold to the sldn, 
as fomentations or dressings ; but by the application 
of heat, as in a warm bath, or by varnishing the skin, 
the excretion is diminished, the blood-vesaels of the etin 
being dilated, A diminution of the quantity of blood 
in the skin capillaries increases the urinary secretion, 
while an increase of the former diminishes the latter. 

According to Wendt, the increase of intra-abdominal 
pressure hinders the excretory process, probably by an 
increase of pressure in the renal veins, by which circum- 

I stance, as we know (Ludwig), the secretion of urine is 

I checked. 

Maly, Donath, and Posch have proved that, by the 

. agency of osmosis, an acid fluid may be obtained from a 
watery solution of several salts (as mono- and di-sodie 
phosphates), which together give a neutral or slightly 
alkaline reaction with litmus. This is a discovery of 
importance, as it obviates the necessity of attributing to 

1 the renal epithelium the chemical property of acid 

1 formation. 

Notwithstanding all these theories, there is no hypo- 
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thesis wHcH givea a perfectly satisfactory explanation 
of all the physiological and chemical processes of urinary 
secretion. We qiust therefore look upon the excretion i 
of urine as a compound process of secretion and filtra- 
tion. 

[The theory of secretion, pure and simple, has per- 
haps gained ground recently owing to the advocacy of 
Heidenhain* and his followers. He accepts the facte, 
abundantly proved by Nussbaum and others, that the , 
specific constituents of the urine, such as ui'ea, are 
secreted by the epithelium of the urinary tubules, and 
that the water and salts come from the glomeruli, not 
by mere filtration, but by specific action of the cells 
covering the glomerular tafta. These cells, moreover, 
when in normal condition, prevent the passage of albu* 
men, and only allow it to escape in case of lesion or 
deficient nutrition. Senator,f in onr opinion, has, how- 
ever, ably controverted this view as applied to the 
glomeruli, and the separation of urine is to be con- 
sidered now, as when the fii-st edition of this work 
was presented, as a combination of both filtration and 
secretion.] 

[• Hermann'B " Handbuch dor Pliyaiologre," Bd. V., Part i. 
t " Albuminuria in Heaitli and Disease," and Appendix (1), by Dr. H. 1 
Senator. " New Sydenham Society Pablications," 1884.] 
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CHAPTER HI. 



THE URINE. 



A GENERAL DE8CRIPTI0N. 



P 



The urine is the secretion of the iidneys, and under 
nonnal conditions is essentially a solution of sueli ingre- 
dients as belong to retrograde tissue-metamorphoais. It 
is a solution of urea and chloride of sodium, to which 
are added in leas proportion other organic and inorganic 
constituents of the hlood, as well as certain foreign 
matters introduced into the organism, which are excreted 
through the kidneys unaltered or having previously 
undergone chemical transformation. 

In a nonnal condition the urine contains in part 
iprganie constituents, as urea, uric acid, creatinine, hip- 
puric acid, xanthine, lactic acid, coloring matters, indican, 
grape sugar (Briicte), [albumen (Senator)], etc ; part- 
ly inorganic, as chloride of sodium, phosphates of sodi- 
um, magnesium, and calcium, sulphates of the alkalies, 
ammonium salts, iron (as a constituent of the coloring 
matters), and gases — carbonic acid, nitrogen, and oxy- 
gen. In pathological urine, besides the normal con- 
stituents, are found also albumen, grape sugar, inosite, 
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biliary matters, fat, sulphuretted hydrogen, coloring! 
matters of the blood, uroerythrlne (Heller), leucine, 
and tyrosine, oxalate and carbonate of calcium, carbon- 
ate of ammonium, cystine, pus, blood, epithelium, sper- 
matozoa, fupgi, and infusoria. 

Before we take into consideration the eemeiotic fflg^l 
nifieance of the urine, we will describe its peculiarities I 
as far as important to our subject, and the most useful 
methods of investigation. 



B. PHTSICAL CHARACTERISTICS. 



1. Amount. 



The amount of urine excreted by a healthy person, i 
who eats and drinks moderately, varies between 1,400 . 

and 1,600 cc, the mean average for the twenty-four I 
hours being 1,500 cc. 

One passes moat in the afternoon, less in the mom- ' 
ing, and the least at night ; for, under ordinary con- 
ditions, in regard to its quantity, the morning urine is I 
least influenced by meals and other circumstances, and I 
approaches a mean between the excretions of afternoon l 
and night. The urine increases in proportion to the i 
amount of imbibed fluids (urina potus). Its amount j 
is increased also, though much less perceptibly, by cold 
and atmospheric moisture, whereby the perspiration is I 
lessened. During rest, or by such circumstances 
profuse perspiration or profuse diarrhoea, the urine J 
diminishes. 
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2. i^ecific Gravity. 

The specific gravity of normal urine (1,500 c.c.) ia 
I between 1*015 and 1-021. When the amount of urine 
' is lessened, the specific gravity is correspondingly in- 
creased, standing in inverse ratio. Pathologically the 
urine varies between I'OOS and 1*040. Especially im- 
I portant are those cases in which we find with a lessened 
volume a lower, and with a greater volume a higher, 
specific gravity. We often find a higher specific gravity 
in meUituria, in the beginning of acute febrile diseases, 
and after the administration of neutral salts. An in- 
creased amount and a specific gravity between 1'030 and 
1*040 is suggestive of mellituria. A lower specific 
gravity is to be ob9er\'ed in hydruria, uiina spastica, and 
I m-ina potus, 

The specific gravity is beat obtained by means of a 

I pyknometer, or by scales ; though for practical purposes 

' less complicated means of investigation answer. For 

immediate determination tlie urinometer ia very con- 

f venient. 

The surest method of ascertaining thfe exact specific 

[ gravity by the urinometer is as follows : One fills a 

small standing glass cylinder tube four fifths full of the 

» urine ; the froth being removed by filter paper, the 

I urinometer is allowed to sink into the urine guided by 

t the supported right hand, never being allowed to come 

into contact with the side of the tube. Bring the eye 

on a level with the surface of the urine, and read the 

diWsion corresponding with this surface (not the upper 
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rim of the fluid raised slightly on the stem by attrae-l 
tion). Touch the stem, causing the urinometer to sink j 
slightly in the fluid ; and, when it comes to rest, read, 
again. 

In all urinometrical observations, the urine should i 
have a temperature between 12° and 17° C. ; othenviae I 
considerable errors may be made. 

If the amount of urine is small, dilute with even 
three or four volumes of water : teat as directed above, 
and multiply the number read off by the number of 
volumes made by the dilution. For example : If three 
volumes of water be added to one volume of urine, and 
we read I'OOS, to obtain the real specific gravity of the 
original fluid 1-008 ia multiplied by 1 + 3 = 4 (1-008 X 
4^1"032). The solid materials (on which the specific 
gravity depends) which formerly were dissolved in one 
volume ai'e after the dilution dissolved in four vol- 
umes : the specific gravity is therefore only one fourth 
of the specific gi'avity of the original ; or, what ia the 
same thing, the specific gravity of the original is four 
times the specific gravity of the dilution. 



^H con-€ 

^3 



3. Solid In. 

In normal urine the solid materials excreted in 
twenty-four hours are generally 60 to 70 grammes. 
Shoidd we find say 200 gnna., diabetes is indicated. If, 
on the contrary, we find a very small amount of solids 
excreted, say 20 grms., and the quantity of urine not 
con'espondingly diminished, it indicates hydmria. In 
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' order to estimate tlie amount of solid conatituents ex- 
creted in twenty-four houi-e, one can employ either the 
coefficient of Trapp (2), or that of Haser (2-33). (For 
the exact determination, see Chapter V.) By multiply- 
ing the decimal of the specific gravity by the coefficient, 
we have as the result (in grammes) the weight of solids 
contained in 1,000 c.c, of urine. Hence, if we have the 
I entire amount passed in twenty-four hours, we can 
easily estimate the weight of solids contained iu the 
' whole. For example, we have 1,500 c.c passed in 
^ twenty-four hours, of ep. gr. 1"020; to estimate the 
weight of solids in 1,000 cc, we multiply the decimal 
20 (the last two figures) by the coefficient of Haaer, 
3-33 (20X2-33 = 46-60), and the product, 46-60, is the 
' weight in grammes of the solids in 1,000 c.c. of the urine. 
Now by the proportion, 1,000 : 1,500 : : 46'60 : w, we 
I are able to estimate the amount of solid materials con- 
I tained in the excretions of the twenty-foiu' hours. In 
' the given example w would represent the unknown sol- 
I ids, and x = 69-90, the weight in grammes of the solid 
\ materials contained in the twenty-four hours' secretion 
\ of normal urine. 

In the following examples will be considered the 
I amount of solids excreted in different urines in the 
I course of twenty-four hours : 

•nph 1. — Amount of urine, 4,000 e.c. ; sp. gr-, 
I 1-007. 

rx2-33 = 16-31. 



1 1,000 C.C. of this urine contain 16*31 grms. of solids. 
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and 4,000 c.c. contain 65'24. We see in ttia exampl94 
that the quantity of solids is normal, but simply the i 
amount of fluid has increased. This may be an indicaf I 
tion of pol^yvHa, or may be entirely physiological, aa 
uriua potus. 

JEkeample 2. — Amount of urine, 6,000 c.c. ; sp. gr,, 
1-013. 

13X2-33 = 30-29, solids contained in 1,000 c.c. 
and aa 1,000 : 6,000 : : 30-29 : x, 

Lr=:181-74 grms. 

In this example we find the amount of solida excreted 1 
in twenty-four hours to be more than double the nor- 
ma] quantity. This urine would consequently suggest I 
diabetes. 

Example 3. — Amount, 2,000 c.c; sp. gr., 1*005. 

5X233 = 11-65 
1,000 : 2,000 ;: 11-65: a:. 

2,000 c.c. contain 23'30 grms. of solid materials. The I 
solids are deficient here in the twenty-four hours' exci-e- 
tion, and hydruria is indicated. 

The differential diagnosis between diabetes insipidus 
and hydniria on the one hand and urina potus on the 
other, as well as between oliguria and normal urine, caD 
be made by an estimation of the solid constituents. 

Besides these, other valuable conclusions may be 
drawn fi'om the amount of solida and the specific grav- 
ity; but each case has a special significance. For 
example, if we have a diseased kidney, the amount of 
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inrme normal or diminished, and with a very low spe- 

I cilic gTa\'ity, then we can determine, since nrea com- 

I poses nearly half the solid constituents, that there has 

I not been a sufficient quantity of the same excreted; 

l: consequently we may expect ursemia, and very soon. 

As the proj)ortion of the solid constituents to one 

nother does not remain constant, therefore we can not 

■«stimate accurately any single one from the specific 

^gravity. The variation in the amount of solids may 

be 6 per cent, (in urine with abnormal constituents, 

even more). For example, if we found yesterday 

1,000 parts of urine to contain 50 grms. of solids, and 

[ to-day 47 or 53, we can not apeak positively of an in- 



In judging of the variations of the solid matters 
[■ from the specific gravity, we must further take into 
t consideration whether the patient has received his cus- 
I tomaiy amount of food, or (as is the case in all febrile 
I processes) has fasted. In the latter case we must regard 
\ 80 grms. as the average. If a person having pnemno- 
nia, placed upon a strict diet, excretes 40 grms. of solid 
matters, we must consider it an increase, and that ac- 
complished at the expense of tlie feverish body. 

4. Consistence. 



The consistence of normal urine is that of a thin, 
T dropping -fluid. Pathologically it becomes viscid, 
f as when there is a great amount of pus in a strongly al- 
[ taline urine. The urine becomes stringy, similar to the 
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contenta of a par-albuminous cyat. If we dilute with \ 
water and add a drop of acetic acid, a copious tui'bidity 
ensues, indicating the presence of an alkaline albumi- 
nate, formed by tlie action of a strongly alkaline urine I 
on the pus. 

Upon the Isle of France, a urine is often observed 1 
which soon after passage into the vessel coagulates as I 
lymph and contains fibrine (fibrinuria). In our lati- 
tudes such urine occurs but seldom, and the condition 1 
lasts but a moment. We have observed temporary fibri- 1 
nuiia in cases of villous tumor of the bladder. In these I 
cases the fluid, of a yellowish-red color and containing a I 
slight quantity of blood, thickened after a few moments I 
to a quivering, jelly-like* mass, which could not be J 
poured from the receptacle. 

If we shake normal urine, a foam appears which. I 
vanishes soon on standing. K the urine contains sugar I 
or albumen, the foam remains for a considerable tim& 

5. Color. 

The color of a normal urine whose specific gravity I 
is 1*020 and amount in twenty-four hours 1,500 c.c iai 
wine-yellow. By concentration, it becomes dark wine>] 
yellow, then amber-yellow ; by dilution it passes through! 
pale wine-yellow to straw-yellow. Morning urinft 
from freely perspiring persons has always a darkerJ 
and from urina potus a lighter, color. The colon 
of the urine, besides the physiological chang 
subjected to greater vaiiations in disease ; in the lattej 
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^case the appearance is frequently affected by abnormal 
coloi-ing matters. 

The urines may be classified according to their de- 
r parture from the normal atandaid of color. 

1. Almost colorlem urine. — Especially in neuroses, 
\ there is sometimes a " urina spastica " produced, and the 
t orine can scarcely be distinguished from water. By 
f other causes, such aa hydruria, as well as diabetes, the 
[ urine is rendered almost colorless, though the yellow 
I color is still recognizable. By standing a few hours 
ra light may become a darker urine. Pale urine 
occurs when, with a normal amount of coloring mat- 
ter, the water is increased (as in mina potus, urina 
I spastica), or when with a normal amount of water 
I the coloring matters are in less quantity (aa in granu- 
[ lar kidneys) ; but in most cases an increase of water 
[ and lack of coloiing mattera concur in making the 
urine pale. 

i. Highly colored urine. — These urines ai-e dark yel- 
\ low with a tendency to red, even to flame-red. This is 
not simply due to a concentration of the urine, but 
often depends upon the presence of uroerythiine. This 
is brought about by acute febrile processes in a stage of 
lincrease or climax. 

i. Blood-red or garnet-^ed v/rine is always caused by 

[foreign coloring matters. A number of vegetable mat> 

f ters excreted througli the kidneys impai-t to alkaline 

urine a red color. A similar appearance is caused by 

the passage of blood into the mine (for proof of which 

see chapter on abnormal coloring matters). 
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4. Darh brown to nearly hlach urine m induced by ] 
metliBemoglobine from diseases of tlie kidney, especially | 
haemorrliage ; also by the passage of biliary coloring mat- j 
ters into the urine (icteric urine), and by the passage of I 
coloring matters as yet eompai'atively unknown ; for ex- ■ 
ample,when colored by long-continued intermittent fever. 

Sometimes, after long standing, urine of melanotic j 
cancer becomes almost black ; but, as the coloring matter j 
of melanotic cancer has been found in the urine without J 
the existence of the cancer, and, vice vei'sa, melanotic can- 
cer being present and the color wanting in the urine, we \ 
are not able to use this as a means of positive diagnosis. ] 
After the external use of carbolic acid (for example, Lis- ] 
ter's dressing), we are apt to find very dark urine, though 
this appearance is not always constant. In children the ] 
urine is often seen to be colored, after some time, from J 
the surface toward the bottom.* In leprosy the fact is j 
observed that toward death the characteristic dai'k-red J 
urine becomes dark brown (tirorubrohfematine). 

5. Green urine of a dirty hue comes from jaundice, 
and is caused by the presence of biliverdine, having the J 
same significance as brown icteric urine. (For a con- 
sideration of biliary coloring matters, see chapter on j 
abnormal coloring matters.) 

6. ZHrty-hlue ^trine. — This shows generally a dark-, 
blue film and a similar sediment from indigo. This has | 
always an alkaline reaction, and exists chiefly in con- 
nection with cholera and typhus. 

[♦ This has been seen recently in aaaea of adulta, ami proved to have J 
been oaaBed by pyrocatechnic or protooatecbuic acid. The oriae in these J 
oases was colored red from the aarface dowoward.] 
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•rmicy and Fluorescence. 

Normal urine is always clear and transparent, and 

I shows after standing some time a mucus-cloud. Micro- 

[ pcopically we find isolated pavement epithelium and 

[ young cells. The urine of women showa usually a 

denser mucus-cloud (nubecula) and more epithelium 

(generally overlapping), which comes from the vagina. 

Pathological urine may become clouded fi-om any of 

r those substances which after long standing form a 

I Bediment. 

If we deaire to prove by chemical means the origin 

of this cloudiness, we proceed as follows : A test tube 

is a third filled with the urine to be examined, and is 

carefully heated over a liuusen burner or spirit lamp. 

(a.) If the cloudiness disappears, salts of uric acid 

! (urates) are indicated, which were suspended in the 

' urine on excretion. 

(Ji.') If the cloudiness increases, on the other hand, 
L calcium carbonate, suspended earthy phosphates, or the 

^^^V albuminous cell elements (pus, blood) are indicated. 
^^^K> To distinguish between the above, we add a few 
^^^ drops of acetic acid. If the urine clears up, the earthy 
j phosphates composed the cloudy precipitate. I^ on the 

! contrary, it becomes more cloudy, this in most cases is 
due to suspended pus or blood. 
((?.) If it remains unchanged, or we notice after the 
Addition of acetic acid a slight increase of the cloudi- 
■neea, mucus and bacteria are present in unusual quan- 
tity. 
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Norma] urine shows at times a peculiar white fluo- 
rescence, the cause of which is not exactly understood. 
Alkaline urine shows by reflected light a greenish, by 
transmitted light a yellowish-red, color. Some urines 
show the spectrum of urobiline. 

7. Odor. 

The odor of fresli normal urine is slightly aromatic. 
The cause of this is at present unknown. If the urine 
has become alkaline by standing, we perceive an ammo- 
niacal odor. From destructive processes in the bladder 
we observe frequently a peculiai'ly repulsive, foul, and 
even fsecal smeU. By the use of certain fot)ds and 
medicines, the odor of the urine is strikingly altered. 
For example, asparagus, cauliflower, etc., impart a repul- 
sive smell. Turpentine administered internally induces 
the perfume of violets. The odorous principles of 
cubebs, saffron, and some other substances pass into the 
urine. 



Normal urine possesses an acid reaction, which is 
due especially to the acid alkali-phosphates. The acid 
reaction may be also due to the presence of a free 
organic acid (lactic ?) ; but the part this acid plays is a 
subordinate one. If we add to a fluid containing free 
acid a solution of hyposulphite of sodium, it causes a 
turbidity which occurs instantly or in a few minutes 
(by the separation of sulphur), according to the amount 
of free acid present. If we apply this test to mine. 
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r after twenty-four hours tliere is tut a eliglit precipitate, 
if any. There can consequently be only a small amount 
of free acid in tlie urine, although this proof is rather 

I nnsatisfactory. 

Sometimes, directly after a meal, an alkaline urine 

' is passed ; but after a few hours this phenomenon disap- 
pears, and it is without clinical significance. 

A strongly acid reaction of the urine is important to ^ 
the physician, inasmuch as it gives rise to the origin of V^ 
cert^ain sediments or concretioia which irritate the kid-S^- 
neys and urinary passages (Vogel). 

By standing, an acid mine becomes neutral or 

' alkaline. By administration of the alkaline or earthy 
carbonates, or the salts of the vegetable acids (acetic, 
malic, tartaric, etc.), which in tlie organism become cai'- 
bonates, an alkaline reaction ia imparted to the urine ; 
just as the ammonium carbonate, which is formed from 
urea by the taking up of the elements of water, renders 
the urine alkaline after standing. At first the ammo- 
nium carbonate just sufBcea to neutralize the mine ; 

f consequently the neutral reaction has the same significa- 

I tion as the alkaline, 

A strongly alkaline urine may almost always lead us 

|to conclude that an affection of the bladder exists— if 

It-We exclude the formation of the carbonates by decom- 

I position. 

The reaction of the urine is usually tested mtli deli- 

I cate blue and red litmus paper. We must observe 

I whether the urine is alkaline when it is excreted from 

I the bladder, or has become so after its passage, and in 
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what length of time it has become alkaline ; and further, 
whether the alkalinity is due to the ammonium car- 
bonates (from the breaking up of urea) or the fixed 
carbonates (taken into the body as nourishment or 
medicines). We may determine to which the alkalinity 
is due ; for in the first case, on exposure for some time 
to warm air, the red color of the litmus paper will 
return ; but, if the reaction is from fixed alkalies, the 
test paper remains blue after drying. 

Sometimes we observe urine which colors blue litmus 
paper slightly red, and the red paper slightly blue. 
This reaction is known as amphoteric. It has no satis- 
factory explanation, and is without symptomatic value. 



0. CIIEMICAL COMPOSITION. 

a. Normal Organic Constituents. 

In referring to the constituents of the urine, so 
called, the following table expresses the average quan- 
tity of each excreted in twenty-four hours : 



Constituents. 



Total solids 

Urea 

Uric acid 

Creatinine 

Hippuric acid 

Chlorides 

Earthy phosphates 
Phosphoric acid . . . 
Sulphuric acid 



Grammes. 



60 —70 
30 —40 
0-4— 0-8 
0-5— 1-0 
0-3— 1-0 
10 —13 
0-9— 1-3 
2-5— 3-5 
1-5— 2-5 



Pes Cent. 



4-3 —4-6 
2-5 —3-2 
03 —0-05 
0-036— 0-062 
0-02 —0-06 
0-r —0-8 
O-or —0-08 
0-19 —0-22 
0-16 —0-17 
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We see from tliis tliat urea and the cUoridea are the 
principal constituents. It is ai)parent that, if one of 
these matters is wanting or is excreted in diminished 
quantity, it will influence greatly the specific gravity. 
I This does not hold true to the same extent with the 
I other constituents, which are relatively excreted in very 
Bmall quantity. 

The dissolved gases are of little importance. Car- 
, bouic acid gaa exists in greatest quantity — 60 to 150 e.c. 
1,000 CO. of urine. Nitrogen is next in amount, 
, and there are only traces of oxygen. 



1. Urea. 

Urea, CO N^ H« is the most constant of all the con- 
gtitnents of the urine, and exists in greatest (juantity, 30 
I to 40 grme. being secreted in twenty-four hours by a 
I healthy adult. On a flesh diet more is excreted, less 
[ apon a mixed, and least of all upon a strictly vegetable 
li diet. From inanition the secretion may fall to 20 and 
even to 15 gi-ms. In calculating the extent of tissue- 
metamorphosis, if the patient is on a low diet these 
latter figures must be considered the average. . 

The simplest way of separating the urea from a 

urine is to throw down the inorganic salts by addition 

I of the usual barium mixture, filter, and evaporate the 

■ filtrate to diyness ; extract with common alcohol, filter, 
I evaporate the filtrate, and allow the crystals of urea to 
I form by adding absolute alcohol and setting aside to 

■ evaporate spontaneously. Another method is as fol- 
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Iowa : Evaporate the urine to a thin sirup, and add ■ 
concentrated nitric acid in the cold, whei'eby the nitrate 
of urea ia precipitated. These crystals are now treated '. 
with carbonate of barium, and the urea is extracted ] 
from the dried mass by means of alcohol. 

Synthetically urea can be formed from cyanate of am- 
monium. We fuse 80 paita of anhydrous ferrocyanide j 
of potassium with 30 paits of carbonate of potassium in I 
a crucible, and the resulting (wtassium cyanide (KCN) 1 
is converted into potassium cyanate (KCNO) by oxi- ! 
dation with 150 parts of red oxide of lead at a gentle I 
heat. The white melt is then thrown upon an iron 1 
plate. After cooling, the potassium cyanate (KCNO) I 
is dissolved in a solution of 80 parts of ammonium sul- 
phate ((NH«)a SO4) to 500 parts of water. Then hy | 
decomposition we have ammonium cyanate and pota» 
slum sulphate (NH^ CNO and K^ SOi), filter, and evapo- *. 
rate the filtrate to dryness. During the evaporation, 1 
the relation of atoms is changed, so that from the cya- J 
nate of ammonium urea is formed. 



0<' 



/CN 



^NH^ 



NH, 



The mass resulting from the evaporation is the& \ 
extracted with boiling alcohol, 100 grms. at a time, and \ 
allowed to crystallize. 

Urea crystallizes microscopically in white, glisten- 
ing needles, macroscopically in long, clear, four-sided. J 
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(riBme, the. ends of which are terminated by one or 
two oblique planes. These are very soluble in water 
and alcohol, but insoluble in ether. By heating on 
platinum foil, ammonia is generated freely. If we 
add a solution of urea to a stale urine or to a secre- 
itjon from bladder catarrh, in contradistinction to its 
Synthetical formation, it decomposes (by taking up one 
molecule of water) to 1 mol. carbonic acid, and 2 mols. 
ammonia (CH, N,0 + H,0 ^ CO^ + 2NHa). This de- 
composition ensues when urea is boiled with mineral 
acids, fused with caustic alkalies, or heated with caustic 
baryta in a closed tube. With nitrous acid or with 
hypochlorite or hypobromite of sodium, the urea de- 
composes, forming carbonic acid, water, and nitrogen. 

Mercuric nitrate givea with solutions of urea a white 
flocculent precipitate, which, according to the concentra- 
tion and temperature of the fluid, contains two, three, 
or four equivalents of mercury to one of urea. Urea 
also enters into combination with chloride of sodium. 

If we add pure nitric acid to a concentrated 
urine or a concentrated solution of urea, we obtain 
beautiful microscopic and often macroscopic rhombic 
tables. 

K we only have a drop of a fluid containing urea to 
be analyzed, we add a drop of nitric acid on an object- 
glass, and after warming slightly set it aside to crystal- 
lize. With the microscope we see single rhombic or 
hexagonal plates, or we observe them in greater mass 
more or less perfectly formed, arranged in shingle-form 
layers, exhibiting their acute angles (nitrate of urea, 
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PI. in., A, 1). The acute angles tre 82°. The prt 
by fonniug nitrate of m-ea is most frequently used, ( 
account of the characteristic shape of the crystals. 

With albuminuria the nitrate of urea ciystalUzei 
in penicillated needles, (K. B. Hofinann, "Zooche- 
mie.") 

Upon the addition of oxalic acid to a concentrate* 
solution of urea, crystals are fonoed which in appearaiMM 
resemble those of urea nitrate (PI. III., A, 1); the forJ 
mer crystals, however, appear more irregular in shap 
than the latter. This reaction is only employed to con; 
firm what has been ab-eady pi-oven by the nitric acie 
test. 

All teats for urea must be applied to concentrate 
urine. If albumen is present, it must be separated by 
coagulation and filtration, and the filtrate concentrated. I 

In order to determine that a given fluid ia mine, tb 
presence of urea and uiic acid must be proved. 
there are only a few drops of the fluid, the mica 
scopical test for niti'ate of urea is to-be employed ; butl 
it must not be foi^otten that transudates may s 
tain urea. 

As ui'ea is present in greater quantity than any otlia 
constituent of the urine, its percentage may be deten« 
mined, at least approximately, from the specific gravity 
of the fluid, provided a normal amount of sodiu 
chloride Is present, no sugar, and no gi'eat quantity ( 
albumen. 

If the urine to be analyzed contains a normal amon 
of chlorides, neither albumen nor sugar, and has a sp 
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fflfie gravity of 1'020-1'024, urea can be said to ba 
■present in normal percentage (2-2'5 per cent.). 

If, under the above conditions, the specific gravity is 

igher or lower, there will be a corresponding increase 

decrease in the amount of urea present. If the spe- 

gravity ia 1-0 14, the urine contains about 1 per 

cent, urea ; if, on the other hand, the specific gravity ia 

1'028-1'030, the urine contains 3 per cent. urea. 

If the chlorides exist in small amount or are inappre- 
ciable, aa is sometimes the case with urine of acute 
fevers, and the specific gravity ia normal, then urea 
exists in greater than usual percentage. For the chlo- 
rides have a second place (albumen and sugar excepted) 
in influencing the specific gravity, and if these are 
wanting and the specific gravity ia 1-020, we know it is 
due to an esceaa of urea ; for, even if all the other con- 
stituents were excreted in double quantity (as uric acid, 
creatinine, phosphates, and sulphates), they would have 
appreciable influence on the specific gravity. 
If albumen is present in but small quantity (up to 
0'2 per cent.), which fact we can ascertain approximately 
by the nitinc acid test, we need not take it into con- 
sideration; for, if the albuminous precipitate ia not 
massive nor curdled, but white, cloudy, and translucent, 
it has no especial influence on the specific gravity. But, 
if the urine contains more albumen (1-2 per cent.), it 
must then be separated by coagulation and filtration. 
'or this purpose it ia beat to take a certain quantity, 
ly 50 C.C., and heat to boiling with a few drops of acetic 
>acid, filter the urine from the coagulated albumen, and 
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wash with distilled water until we have a volume o£l 
fluid equal to that at the beginning (50 ex.). We then ] 
find the specific gravity of this urine freed from dbu- 
men. 

Usually albuminous urines have a less specific grav- 
ity than the uonnal; because, through diseases of the I 
urinary organs, the latter are unable to excrete the j 
amount of sohds (especially urea) that the healthy or- 
gans excrete, and consequently the specific gravity of J 
the mine is less. As regards the specific gravity, ex- 
creted albumen is very seldom present in such quan- 
tity as to make up for the want of urea. 

If sugar exists in great quantity in a urine, the per- 
centage of urea is always diminished : although, in the j 
total amount of urine excreted in twenty-four houra in I 
diabetes, the absolute quantity of urea is increased. J 
The high specific gravity of such urine depends upom 
the sugar. 

Notwithstanding certain claims, up to the prraent 1 
time urea has not been formed artificially from proteine \ 
substances ; but we must regard such substances as its 1 
only source. 

Urea owes its origin in part to the retrograde meta- I 
morphosis of tissue (including the blood), and partly to I 
the breaking down of the unassimilated nitrogenous 1 
principles. Whether it arises through gradual oxida- \ 
tion, whether its molecule is split o3 from a more com- j 
plex molecule by a process of fermentation, whether itl 
is a splitting up of the albumen molecule itself, or! 
whether a gradual disintegration of the albumen moW \ 
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■ culea leads to the formation of smaller molecules from 
■which urea results by oxidation, is up to this time unde- 
! cided. 

It is known that certain combinations of the uric 

. acid group (uric acid, allantoine, creatine, sarMne, xan- 

I thine, guanine) and the known derivatives of the pro- 

teines (glycocoU, leucine, asparagine), when introduced 

in large amount, cause au increase in the quantity of the 

solids excreted. 

. Urea may under certain conditions be present in 

I such amount that the simple addition of nitric acid to 

the urine foi-ma a thick pulp of nitrate of urea. This 

may take place — 

(1.) From a predominant animal diet. 
(2.) In acute febrile processes, until the crisis of the 
The urea arises in these cases from an in- 
creased disintegration of the nitrogenous elements. 
(3.) In diabetes insipidus and diabetes mellitus. 
[The amount excreted will also vary with the de- 
I gree of mental and bodily activity.] 

On the contrary, the amount of urea is lessened — 
(1.) By a predominant vegetable diet, and by fasting. 
(2.) By chronic disease, when the tissue-metamor- 
phosis is checked (cachexies). 

(3,) By parenchymatous nephritis, accompanied by 
I uraemia, especially toward the fatal end (7 grms.). 

The percentage of urea is diminished in urina potus, 
I urina spastica, and diabetes. But in the whole quan- 

I tity of urine passed in twenty-four hours the amount 

^^H of urea is increased, or at least is nonnal. 
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2. Uric Acid. 



Uric acid (Co N^H, Oj) ia a constant constituent i 
the urine of tlie carnivora. From a healthy man I 
0-4-0'8 gnu. Is excreted in twenty-foxxr hours. 

It ia eohible with difficulty in 15,000 parts of cold ' 
and in 1,800 parts of hot water, insoluble in alcohol and | 
etlier. It is from these circumstances that uric acid ex- ' 
ista in but small quantities in the urine in a free state, 
but generally is found in combination as urates. 

In a wann solution of the normal alkali phosphates, 
uric acid dissolves more readily than in water, because i 
it takes up from the phosphates a part of the alkali, , 
forming an acid alkali phosphate and an alkali urate. 

Free uric acid as well as the xirates (salts of uiic 
acid) appear colored in the sediment, and the more in- 
tense their color the more highly is the urine colored. 

In order to obtain uric acid from the mine, we add 
one part of HCl to 20 parts of urine, and let it stand 
twenty-four hours. It appears on the bottom and sides 
of the beaker as a fine powder, and on the surface of ' 
the urine as a film. The forms of the uric acid crystals i 
are wedge- and whetstone-shaped; L e., they are rhom- 
boidaJ vertical prisms, (PI. II., A.) It appears in these J 
forms as a natui'al sediment. If the uric acid, however, J 
is separated by means of hydrochloric acid (HCl), then | 
the crystals are somewhat changed ; they api)ear much J 
thicker and more deeply colored. 

Generally we find under the microscope either don- , 
ble wedges in cross form, or groups of thin and long J 
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wedges or needles parallel to one another, some of 
which resemble a comb with teeth on either aide. Oc- 
casionally we find single long whetstone- or needle- 
shaped crystals. (PL II., B.) If we Alter the solution 
containing the uric acid crystals precipitated by HCl, 
and dissolve the crystals in potaseiam or sodium hy- 
drate (KOH, NaOH), and then precipitate again by 
HCl, the separated crystals are much whiter. Snow- 
white crystals may be obtained by repeating this 
process. (PI. II., A.) The crystals of uric acid may 
also be pmified by dissolving them in sulphmic acid 
(HjSO^) and precipitating by addition of much water. 

In freshly passed urine we should never find a sedi- 
ment of uric acid or urates. If we find this condition 
often, we must suspect stone or gravel. It happens fre- 
quently that with stone or gravel, uric acid may be ex- 
creted in the form of millet and flaxseed concretions, 
which are too lai^e for a microscopic investigation, and 
therefore no sure diagnosis of their constitution can be 
made. In such cases we can very suitably prove the pres- 
ence of uric acid in a chemical way by the raurexide test. 

Murexide Test* — For this test rub up the concretion 
in a small mortar, and throw into a porcelain dish ; add 
a few drops of nitric acid (HNO3) and a little water, 
and warm carefully over a flame until the uric acid has 
dissolved ; then evaporate cautiously almost to dryness. 
Already during the evaporation we notice, if luic acid be 
present, onion-red streaks on the walls of the dish, which 
e itself by evnporating 
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vanish suddenly as that portion of the dish approaclies | 
the flame. If, when the fluid has evaporated uearly to I 
dryness, we add a drop of ammonia to the residue, the \ 
vchole interior of the dish becomes a beautiful purple-red I 
color (murexide := acid purpurate of ammonia). If we 1 
add, on the other hand, a drop of concentrated KOH to 1 
the residue, we obtain a beautiful violet-blue. The mu- , 
reside reaction depends on the fact that by the additioa I 
of HNOg and heat, first alloxan and then alloxantine ia J 
formed, which on adding ammonia becomes murexide. 

Instead of the murexide test, we may also dissolvol 
the powdered concretions in some caustic potasb uidl 
precipitate with hydrochloric acid (HCl). We caa] 
easily distinguish the characteristic whetstone cryataJ 
of uric acid, if it be present, by placing the crj 
immediately under the microscope. 

If we have but a small quantity of fluid (say 5 c.e.) j 
to test for uric acid, we place it in a watch glass with al 
fine linen threatl, add a few drops of acetic acid, and letj 
it stand twenty-four hours at a temperature of 15° R.J 
and observe with the microscope whether uric acid has I 
crystallized upon the thread. 

If we add to an alkaline solution of uric acid a weak j 
cupric sulphate solution, a white precipitate of a cuproTia.| 
urate falls. If we add a concentrated cupric eulphatei 
solution and boil, we obtain a precipitate of cuprougl 
oxide free, as a red powder. In the latter case theJ 
oxide is reduced to suboxide, and the oxygen goes toil 
oxidize the uric acid. (In the colorless solution we find 
besides urea, allantoin and oxalic acid.) 
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Nitrate of silver in the cold is readily reduced by 
an alkaline solution of uric acid. When a drop of the 
silver niti'ate on a filter paper is touched with the uric 
iicid solution, there results (if there Is contained y^Vt 
per cent, uric acid) a black or (if there is contained 
t oo ^ offO ' P^^ cent, uric acid) a brownish-yellow spot. 

Uric acid in presence of an alkali is oxidized by 
ozone to urea, ammonia, oxalic acid, and carbonic acid ; 
without an alkali, to urea, carbonic acid and allantoin. 

Uric acid furnishes under the influence of various 
oxidizing agents, besides the customary urea, a great 
number of interesting decomposition products which 
may be regarded as ureas, in which the hydroxy] is re- 
placed by an acid radical. The uric acid itself appears 
to contain the residues of two urea molecules.* 

Uric acid is dibasic, and forms correspondingly two 
series of salts, neutral and acid. 

The neutral salts are 'readily soluble in water, the 
acid salts with difficulty. One part of the acid urate of 
sodium is soluble in 124 parts of hot and 1,150 parts of 
cold water. Consequently, if we find salts of uric acid 
in the sediment, we know that they ai-e the acid salts ; 
on the other hand, if we have ui-ic acid salts in solution 
after the urine has stood and is of the same temperature 
as the surrounding air, we know that the greater amount 
consists of neutral salts. This view is supported by the 
fact that when we add to such a urine a few drops of a 
rttrong acid, viz., HCl or HNOg, the mine at first be- 

* (K. B. Hofmann, " Zoochemic," " Abbildimgen von AIIokod, Alloiantiii, thl. 
I eouraaurcm Amnion, Urimiil, Parabomaure.") 



flO 



ANALYSIS OF THE URINE. 



comes turbid. K now we examine by the micropcope, 
we find uo cbaracteristic uric acid crystals, but we see I 
simply an amorphous puuctlform mass, which consists of ] 
the acid urate of sodium. If we allow the urine con- 
taining the turbid cloud to stand for some time, the 
cloud gradually disapiiears, and in its place we find : 
distinct crj^etalline sediment of free uric acid. This 
reaction can not be more simply explained than that, i 
having found neutral uric acid salts in solution, we have | 
changed them to acid urates precipitated as a cloud, by 
the addition of an acid ; for the added acid has taken up 
some of the alkali of the soluble neutral urates, and 
transformed it to acid urates. The acid by a longer ' 
action on these takes up the rest of the alkali, and the 
uric acid crystallizes. 

It must be remembered that when the test for albu- 
men is performed by pouring HNO, down the side of a 
wine glass, between the two fluids which do not mix 
there appears a thick white cloud, often mistaken for j 
albumen, but consisting of amorphous acid urates, whicli ' 
by longer standing pass over into crystalline uric acid. 

The acid urates of sodium and ammonium will be 
described later, in connection with the sediment. The 
causes of the increase or decrease in the amount of uric 
acid in the urine have not as yet been satisfactorily ex- 
plained. 

Uric acid is recognized as the first step in the formar 
tion of urea, although it is not probable that all the urea 
in the body jiaases through this stage. By the accept- 
ance of this ^\'ould be explained the increase of uric acid 
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■ in all those cases where the oxidation of the nitrogenous 
products is insufficient ; it may be that either too little 
I oxygen has been inti'oduced into the organism, or too 
L much uric acid has been foraied to be oxidized by the 
' amount of osygen present. There are many facts, how- 
ever, not in accordance with this explanation. 

Uric acid, as a derivative of proteine matters, haa a 

\ Kunilar significance to urea, as regards tissue-metamor- 

ptosis. We wiU therefore generally find an increase of 

ui'ic acid where urea is excreted in greater than normal 

quantity. 

We jmd, in accordance with tfiis, an increme of uric 
acid — 

(1.) From rich animal aa well as vegetable diet, and 
too little exercise in the fi'esh air. 

(2.) In acute febiile processes, which cause much 

breaking down of the nitrogenous elements of the body. 

(3.) In lung and heart diseases, with dyspncea. 

(4.) In all cases where the diaphragm is impeded in 

[ fts function, i. e., as with large tumors of the abdomen, 

[ ascites, etc. 

(5.) In leucferoia, either with an increase of uric acid 
I in the diseased spleen, or with diminished oxidation 
I power of the red corpuscles, the earners of oxygen — 
r impoverished blood. 

(6.) With the so-called uric acid cachexy. 
A decrease of uric acid occurs usually in chronic af- 
fections of the kidney, diabetes mellitus (sometimes), 
urina spastica, hydruria, and arthritis. 

The amount of uric acid in the urine may be ap- 
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proximately determined in the following way : Nor- 
mal urine, of specific gravity 1-020-1-024, shows in 
tlie sediment neither uric acid nor the urates at the 
normal temperature, nor is there a precipitate with 
nitric acid. 

If we concentrate a normal urine, we observe a small 
amount of free uric acid in the sediment, and by means 
of the nitric acid test a delicate layer of urates is seen, 
K in these cases the specific gravity is high, the urea is 
increased, as is also the uric acid. If we find with the 
normal amount of urine a consideraVjle " brick-duat " 
sediment and also urates in solution, or if we find a con- 
siderable sediment of free uric acid, then the amount of 
uric acid may be considered as lai^e. If the amount of 
urine is less than noiinal, we can not draw this conclu- 
sion. In this caso we may have a sediment from the 
normal amount of urates, if the amount of water is not 
sufficient to hold them in solution at the usual temperar 
ture. 

In general, whenever the urea is in less quantity, the 
uric acid is also diminished. All that has been said 
refers only to the percentage. If we wish to estimate 
the entire amoxmt excreted, we must take into considerar 
tion the amount for twenty-four hours. It is most ad- 
vantageous to compare with the normal urine. The 
average amounts to 1,500 c.c, and we have to add as 
much water to the concentrated urine as will bring the 
amount to this standard. If in twenty-four hours only 
1,000 C.C. has been passed, we must add 500 c.c. of water, or 
what is the same thing, to every 10 c.c. of urine 5 cc, of 
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'■water. ^We pour into one of two narrow teet-tubes 
15 C.C. of normal urine, and into tte other 10 c,c. 
of the urine to be examined and 5 c.c. of water, and, 
after adding; 10 drops of IINO3 to each, set them 
aside for twenty-four hours. From the amount of 
uric acid precipitated, one can easily estimate whether 
there ia more or less uric acid precipitated in the urine 
to be tested than in the standard urine. If more than 
the normal amount of urine has been excreted in 
twenty-four hours, there must be a corresjionding dilu- 
tion of the standard urine. 

[Garrod, in the Lumleian lectures for 1883,* takes 
strong ground in favor of the formation of uric acid by 
the kidney epithelial cells from nitrogenized material 
brought to them. He liolds that uric acid exists in 
the kidney as urate of ammonium, and is converted 
into urate of sodium in the presence of excess of sodium 
salts in the blood and urine. He considers that the 
amount of uric acid in the urine is not increased by 
simple sugar (whether as glucose, cane sugar, or lactose), 
or fruits containing acid vegetable salts (as cherries, 
apples, and strawberries), or by light wines and dis- 
tilled spii'its, but is increased by sweetened fruit, 
heavy wines, and malt liquors. He attributes these 

I results to "a ferment,"] 



3. Coloring Matters. 
In normal arine there is a chromogenous matter (in- 
dican) and a pigment (urobillne); and several other 

* " British Medical Journal," March IT, 1883, et seq. 
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well-characterized bodies are found m the urine, asweH 
as one or more pigments which have not been satisfac- | 
torily isolated. 

a, JlrohUim. Urobiline is a brown resinous mass \ 
which is easily soluble in water, more readily in 
alcohol, ether, and ehlorofonn. The concentrated so- 
lutions are brown; by dilution they become yellow, 
and finally rose-red. They do not react upon litmua, 
show in reflected light a beautiful green fluores- 
cence, and in the spectrum a dark absorjition band 
between Fraunhofer's lines b and F. The fluores- 
cence and absorption band become more distinct if ' 
we add to the solution some ammonia and a drop 
of chloride of calcium. By the addition of hydro- I 
chloric acid (HGl) the fluorescence vanishes. By 
acidifying the urobiline solution the absorption band 
recedes toward F, becomes paler, and shows more in- 
distinct edges. If we add ammonia to the acid solu- 
tion, the bi-own or red color changes to bright yellow 
with a gi'eenish tinge. The alkaline solution shows- 
the absorption band in the same place (if anything, 
nearer to b) as the original solution. 

Dark fever urine is better suited for the separation 
of urobiline than normal urine. The latter involves 
too much wort. We render the urine strongly alka-J 
line with ammonia, filter after some time, and add | 
chloride of zinc solution as long as a precipitate is J 
formed ; wash the precipitate upon a filter with cold,.] 
then with hot water, untU nitrate of silver solntioiKl 
causes no turbidity ; boil the mass with alcohol, j 
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F dry at a gentle heat, diasolve the powdered mass in 

\ ammonia, and precipitate the solution with lead ace- 

l tate ; wash the precipitate with a little water, and take 

it up in a small amount of alcohol containing some 

8uli)huric acid, and filter again. To the filtrate we add 

an equal volume of chloroform, and shake, adding 

fresh volumes of water to separate the aulphmie acid, 

I until a color is perceived. The urobiline is obtained 

I as a resinoua mass by evaporating the chloroform. 

Urobiline is, according to Maly, a reduction prod- 
uct of bilirubine. Hoppe-Seyler has succeeded in 
obtaining a product identical with urobiline (Maly's 
hydrobilirubine*) fi'ora the coloring matter of the 
blood, by treating with hydrochloric acid and tin. 
By injection of substances which cause the break- 
ing up of the blood corpuscles, the fonnation of 
I bile-coloring matters is promoted;- so it is hardly to 
be doubted that urobiline is a secondary or direct 
L reduction product of hsemoglobine, and that its in- 
[ crease possesses an interest for the physician. Such 
a condition ia found in febrile processes, and indi- 
I cates therefore a greater breaking down of the red 
blood corpuscles. 

Urine which, on addition of ammonia and a little 
I chloride of zinc solution, shows a green fluorescence 
f and the characteristic absorption band, should be re- 
irded as moderately rich in urobiline. 
Scherer's urohEematine, Heller's urophsine, Thudi- 

• Boe " Aflualen der Ohomie," 163, p. 77, and Hofmann, " Zoochemie," 
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chora'a uroclirome, etc., are bodies for wlioae existenoi 
aa proximate principles there is no guarantee, Malji 
haa shown further that urochrorae and uroh^matinej 
both contain much urobiline. 

ff. Indian. More recently Heller haa shown that: 
by the mixing of the urine with nitric acid, a peach 
blossom red, violet, or deep-blue color appears. Th^ 
red he ascribed to urrhodine, the blue to uroglaii 
cine ; and the base from which both arise, and whid 
he regarded as a yellow coloring matter, he calle 
uroxanthine. Uroglaucine ie found in spontaneousLd 
putrid urine, in the sediment, or as a film on the bu 
face. This has been recognized as indigo, in that ' 
is identical with plant-indigo in all its peculiaiitiei 
(crystallizing in needle form, subliming aa a red vapod 
and being deprived of color by reduction agents, , 
sulphate of iron). 

Uroxanthine was regarded as identical with ind 
can, a derivative from which is white indigo, which i 
found in some plants. Later investigation has reu 
dered it probable that the indigo-producing substano 
of the urine differs from plant-indlcan. We will ( 
it urine-indiean. 

If we do not desire a large quantity of pure urinoj 
indlcan, we may precipitate fresh urine with neutn 
and basic lead acetate, treat the filtrate with ammoniaj 
suspend this precipitate in alcohol, and permit a streai 
of hydrogen aulphide to pass through ; filter from tha 
sulphide of lead, and evaporate with a gentle heaa 
finally, over sulphuric acid in vacuo. The urine-indicj 
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fthus obtained is a pale brown, bitter-tasting sirup. By 
\ a more complicated method we can obtain it in qnan- 
I tity. (Hoppe-Seyler, " Chemiache Analyse," 4th edi- 
I tion, p. 191.) 

The urine-indican is not a glycoside, as by splitting 
np (contrary to older writers) it yields no sugar 
(indi-glucine), but is a sulpho-conjugate compound of 
indol, because by addition of HCl a large amount 
of H^SO, is liberated (Baumann), In a free state 
this acid ether is unstable, and decomposition as well 
as the action of mineral acids splits it up. In both 
these cases an oxidation takes place; consequently 
the formation of indigo does not consist in a simple 
breaking up. One product, as we have before shown, 
is indigo; the second is a red body, the sublimate of 
which condenses as fine red needles, and may be identi- 
cal with Heller's urrhodine. On the different propor- 
tion of both decomposition products depends the color, 
which the addition of HCl to the urine brings about. 

If concentrated sulphuric acid (HoSOj) ie mixed 
with a double volume of urine (which should be 
dropped in from some height), the mixture assumes 
a more or less garnet-red color, probably due to vari- 
ous decomposition products.* When present, sugar, 
albumen, and bUiary matters, aa well as their decom- 
position products, undoubtedly take part in this color 
formation, in which case the mixture becomes quite 
opaque and dark brown. (Heller's urophBeine test.) 

[* If the patient has taken napbtbaleiie, a green aolur maj reenlt. Tliia 
fades to b dirlj-gray or browniHi-Kreeo. — BknzoldtJ 
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By the mixture of HsSO, with the urine, a stron 
heat is evolved, which causes the separation of severai 
constituents, as iodine, the odorous oil of cubebs, ancll 
saffron, etc., which are perceived by the smell. 
pai'enchymatous inflammation of the bladder a repUH 
sive odor is developed. 

There are many methods of proving the easy chemi* 
cal decomposition of urine-indican in tlie urine. Tli« 
oldest is the uroxauthiue test of Heller, already me»il 
tioned. 

(1.) The urowanthine test is as follows: Pour 3 or 
4 cc of pure HCl into a small beaker glass, to 
which while stirring add 10 to 20 drops of urine. 
In a normal proportion there exists only enough 
urine-indican in the urine to color the hydi'ochloric 
acid mixture a weak yellowish -red. A greater propor- 
tion colors the HCl mixture violet or blue. The richer 
a uiine is in indican, the more intense will be this color 
reaction. Often one or two drops of urine suffice to 
- coloi- 4 cc. of HCl a beautiful blue. K in one or two 
minutes no color appears, the urine-indican is not i 
cessive, even if in ten or fifteen minutes a dark red 
brown color appears. 

If we wish to test an icteric urine for indican, 
must first remove the bile-coloring matters by lea 
acetate, and test the filtrate for urlne-indlcan, thouj 
some is lost by this method. 

The color of the uroxanthine test has unfortunatel| 
little value, as it not only indicates the amount 
urine-indican, but also its capability of decomposition 
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wMcli seema to ravy. How varying tliis is, is shown 
by the circumstance that the urine-indican contains 
sometimes more indigo-hlue and sometimes more in- 
digo-red. It must be observed also that albumen, 
when treated with HCl after standing a long time, or 
by heating, develops a violet color. The dark blue 
color, despite the faults that may be attributed to this 
method, can be regarded as a sui-e indication of an in- 
crease of urine-indican. 

(2.) Jaffe''s test. — Mix 10 c.c. of strong HCl with an 
equal volume of urine, add a drop of a saturated solu- 
tion of so-called bleaching powder, or some chlorine 
water, and observe the color. 

(3.) Stohvis^s test. — Warm 5 e.c. of uiine with twice 
the amount of common nitric acid (to 60-70° E.), and 
shake with chloroform, which takes up the indigo. 
The chloroform shows in the spectrum the character- 
istic band of indigo between C and D. 

Here we wiU simply refer to an interesting method 
of E. Salkowsky (Virchow's " Archiv," Vol. G8, p. 
' 407). If indol is introduced into the oiganism, the 
I amount of urine-indican excreted will be increased. 
I The same follows if the small intestine be ligated 
I BO as to destroy its permeability ; for now by pan- 
creatic digestion (in the latter stages) much indol 
I will be formed. This is evidently reabsorbed into 
I the blood from the ligated intestine, and is there 
changed into urine-indican, just as is the injected 
indol. The albumen of food is also a source of in- 
dican ; for indol is one of the ordinary decomposi- 
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tion products of albumen. It is probable, on tlifil 
otber hand, that a portion of the albumen in the liv-l 
ing body is decomposed by fermentation, just as oatFa 
aide the body it is destroyed in veiy much the samdJ 
manner. The albumen of the tissues of the body! 
is another source of indol, and consequently of in- 1 
dican. It is hence evident that by starvation indirJ 
can does not disappear from the uiine, because it i 
formed at the expense of the disintegi'ating tissues. 

We find an increase of urine-indican after the introl 
duction of indol, after an exclusively flesh diet, in Addi- n 
son's disease, in cholera, aud in carcinoma of the liver ; 
and it is enormously increased in all those diseases 
which threaten closure of the small intestine (iucaivj 
ceration), but not so much by impenetrability of tha|^ 
large intestine. It is considerably increased with capsa 
einoma of the stomach without the intestines beiDff 
involved ; also with peritonitis. With kidney diseases^ 
except granulated kidney, the indican is not much inJ 
creased ; and with chlorosis and leuesemia there is n« 
increase. In general there is an increase in chroni* 
consumption and in inanition. Fevers do not cause i 
marked an increase of indican as of urobiline. 

There ia an increase of urine-indican in central an^ 
jieripheral diseases of the nervous system, as well i 
after the administration of certain dmgs, as tui'pentinei 
nux vomica, oil of bitter almonds, etc. This, however^ 
is only demonstrated by the uroxanthine reaction, aiul 
requires confirmation by more accurate methods. 

[M. Thorns (as quoted in the Boston " Medical aa^ 
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Sm^cal Journal," August, 18S2) reports that urine 
containing balsam eopaiva gives, upon the addition of 
hydrochloric acid alone, or with the addition of a drop 
or so of nitric acid, a reddish-violet color similar to that 
produced in urine containing indican. In the former 
case, however, alkalies change the red color to green.] 



■ 4. Other Normal Organic Cck 

The remaining organic constituents of the urine we 
will only mention in passing, for they are of little 
value in general diagnosis, because of the care required 
for their identification and separation. 

Creatinine, the strongest recognized base of the 
body, is excreted in the same proportion as uric acid ; 
for a sound man, 0'6-l'3 grm. in twenty-four hours. 
The amount is found to be less by a vegetable than an 
animal diet. It is increased in pneumonia, intermittent 
fever, and typhus, but diminished by inanition and ad- 
vanced kidney affections.* 

Hippuric acid is present in largest amount in the 
urine of herbivora, and in only small quantity in the 
human urine, being for a healthy man O'5-l grm, in 
twenty-four hours. The amount is increased by a vege- 
table diet, after the use of certain fruits (greengages, 
whortleberries, etc.), and after the use of benzoic acid, 
etc.; also in febiile processes and in diabetes. It is 
diminished by a strict flesh diet. If the excreted mass 

[* It ia diminished with paralysis, but increased i( there ia moBcular 
agitatioD. Grocco, " Lndd. Med. Rocoi-d," February 16, 1887.] 
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is considerably iDcreased, as after eating greengagei 
and we tlien evaporate slightly and add HCl, hippu 
acid will be precipitated in the same manner as 
acid. Otherwise we must employ the method of Meisi 
ner (Neubauer-Vogel, 1. c. 43), for which a litre of uri 



Xanthine and the phenolsulphate derivatives 
found in the uiiiie, but iu small quantity. For a qua 
titative determination of the first it is necei 
obtain several hundred litres of urine. The existeuoi 
of the substance yielding phenol derivatives betray 
itself by the phenol reaction of the distillate, if wflj 
previously acidify the urine with a strong mineral acid 
(e, g., H2SO4). From the fact that when we ad^ 
tartaric acid and distil we have no phenol reaction 
in the distillate, we conclude that phenol (carbolid 
acid) does not exist normally iu the free state in tliw 
urine. 

We mention in passing that up to this time, froir 
a derivative of uiic acid, oxaluric acid has beeij 
found in but very small quantity (not less than a hu. 
dred litres must be used to test for it). Paraban 
acid occurs as an oxidation product of iiric acid 
and by taking up water becomes oxaluric aci^ 
This boiled with water forms oxalic acid and oxalate ( 
urea. 

Oxab'e acid is found in the sediment as caleiu 
oxalate. 

In regard to the existence of sugar iu normal urinri 
the point ia as yet undecided. In every case non 
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' mine contains besides tlie urates a body wiicli in an 
alkaline solution will reduce the copper salts. 

The assertion that lactic acid is present in normal 

[ nrine needs confirmation. In pathological ui'ine we find 
two kinds of lactic acid. One is present in fermenting 
diabetic urine (lactic acid) ; the other is found after 
phosphorus-pniaoDing, with acute atrophy of the liver, 
with osteomalacia and trichinosis (paralactic acid). 



b. Normal Inorganic GonstituenU. 
I. Chlorides. 

In human ui'ine the chlorides consist almost entirely 
of the chloride of sodium (NaCl) and a little chloride 
of potassium. The average excretion for a healthy man 
is 10 to 16 grms. of NaCl in twenty-four hours (6 to 10 
grms. chlorine). Next to urea, NaCl is the principal 
constituent of the urine. Normal urine has an appre- 
ciably salty taste proportionate to the quantity of the 
contained NaCl. If a drop of urine is carefully evapo- 
rated on an object-glass, we find under the microscope, 
besides the colorless monoclinic prisms of the double 
compound of urea with chloride of sodium, also NaCl 
in flat octahedra or in imperfectly shaped crystals of 
the monometric system. 

For the physician it is often important to ascertain 
\ quickly and easily whether in the urine me chlorides 
are increased or not. An approximative test is the fol- 
lowing (for more exact detei-minationa see Chap. V.) : 

If a chloride of sodium solution is treated with 
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nitrate of silver, a white precipitate of chloride of silveS 

will fall: I 

NaCl + AgNOa = NaNOg + AgCl. j 

If we have a BolutJon in which both the chlorides ani^ 
phosphates are present (viz., urine), we must first aeidifyi 
with a few drops of nitric acid (HNOg), so that tha 
phosphate of aUver mU not be precipitated at the saraol 
time, and thereby be mistaken for the precipitate oft 
chloride of silver. A slight error from the precipitatioul 
of uric acid can not be avoided, but it does not essen- 
tially afiect this apj>roximative examination. 

The HNOg added wiU not prevent the precipitate oJ 
the chloride of silver (AgCl), but it will prevent the' 
phosphate of silver fi-om coining down. If we use for 
this reaction a solution of nitrate of silver of definite, 
strength (AgNOg), 1 :8, we wBl find that, by adding a1 
few drops of this to normal urine (which contains \~\ \ 
per cent. NaCl), curdy masses of AgCl will fall to the i 
bottom. These masses do not separate on shaking the > 
glass, and give no milky cloudiness. If the solution 
contains but a small quantity of NaCl, ^ per cent, or , 
less, the solution after addition of AgNOg shows noi 
white curdy precipitate, but a simple cloud, and th* 
entire fluid shows a homogeneous milky turbidity. 

To apply this test, we take a wine-glass half full of' 
urine, aeidi^ with HNOg to prevent the phosphat^f 
coming down, and then add one or two drops of the] 
standard AgNOg solution. If the reagent causes a curdyJ 
precipitate readily falling to the bottom, the chlorideai 



i 
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are in no way diminished in quantity. If only a milky 
turbidity arises, and no curdy masses, then the ehloiides 
are in very small proportion. If there is no milky cloud 
or turbidity, the chlorides are entii-ely wanting. We 
can not ascertain an increase of chlorides by this 
method. 

This reaction can be seen in a urine that has been 
tested for albumen with HNOg, using this mixture for 
the chloride test. The nitric acid must, liowever, be 
thoroughly mixed with the urine by means of a glass 
rod before adding the silver salt. But, if albumen has 
been found in such amount as to interfere with the cloud 
or precipitate of the chlorides, it must first be filtered 
ofi before testing with AgNOg, and the test can be 
applied to the filtrate. 

We fitid a smaller proportion of chlorides in the 



(1.) In repose of the body (in the night-time 



I 



(2.) With all acute febrile processes, especially when 
accompanied by serous exudation or watery diarrhcea. 
The mass of chlorides is directly proportional to the 
amount of urine, but inversely proportional to the 
apecific gravity and the quantity of urea, until the crisis 
of the disease. In general only the excess of chlorides is 
eliminated by the kidneys. In inflammatory processes 
the chlorides appear in the exudates (fon instance, in 
pleuiitic effusions). In general the rule applies, that 
with a steady decrease of chlorides in the uiine there is 
a heightening of the disease, and on the other hand a 
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continued increase of chlorideB signifies a better eoii-3 
dition. 

In pneumoma the elilorides may be entirely wanting, I 
biit we can not attribute this condition to lessened nu- 1 
trition alone. In typhus and meningitis they are dimin-i 
iehed, but do not disappear. The absence of chloiideal 
always signifies a desperate condition. 

(3.) In chronic affections accompanied by impaired I 
digestion, and in dropsy. 

In urina potus the percentage of chlorides is dimin- ' 
ished ; but, if we take the twenty-four hours' amount 1 
into consideration, the diminution is inappreciable. 

An increase of chlorides is observed — 

(1.) With a liberal salt diet. 

(2.) With enei^etic bodily or mental exercise. 

(3.) In the paroxysras of intermittent fever, some- 1 
times a little before or after the same. The day after \ 
we find the average daily amount sometimes a littiej 



(4.) With diabetes insipidus. 

(5.) With dropsy, as soon as diuresis comes on, foW 

now the chlorides stored up in the body become sud.-| 

denly excreted. 



The amount of excreted phosphoric acid (not plioi 
phates) is between 2*3 and 3"8 grms. (average 2'8), Iij 
robust men the average is 3-5 grms. The daily varia-J 
tion may be very considerable. The amount excretedla 
increases after breakfast until evening (maximum), andll 
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falls during the night till the nest morning (mini- 
mum). 

We find an inci'ease of phosphoric acid im. (lie 



» 



(1.) After the introduction of phosphorus, phospho- 
ric acid, or soluble phosphates into the organism, 

(2.) After a principally animal diet, and especially 
after the administration of such substances as contain 
more or less phosphoric acid, as the brain. 

(3.) With all acute febrile diseases (not constant). 

We find a decrease of phosphoric acid — 

(1.) In all urines of a low specific gravity, in urina 
potus, in urina spastica, etc. 

(2,) In Mdney and heart diseases, with a less 
amount of urine. 

(3.) With severe disorders of the digestion, and 
with chronic diseases of the brain (except epilepsy). 

Oithophosphoric or ordinary phosphoric acid (Hg 
PO4) is a tribaaic acid ; that is, the three atoms of hy- 
drogen may be replaced by a metal. 

In the urine ptosphoiic acid is combined partly 
with the alkaline earths (earthy phosphates) and partly 
■with the altaliea (alkali-phosphates). 

a. The earthy phosphates — viz., calcium and magne- 
sium phosphates — esist in normal urine only in small 
quantities. The twenty-four hours' average for a 
healthy, robust man amounts to 0'9-l'3 grm. The pro- 
portion of the calcium to the magnesium phosphate is 
as 33 : 67 ; that is, the amount of magnesiima is double 
that of the calcium phosphate. In acid mine these 
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salts are in solution, but in alkaline urine they are pre- 
cipitated, and are found in the sediment. 

Phosphoric acid forms with calcium three salts, viz. : 



[ O 



The normal J 
ortricalcic, 



The dicalcic 
phosphate, 



The monoeal- 
cic or 8U- 
perphoa- 
phate. 



FO. 



>Ca 



0/ 



Ca,(PO,), 



j OH 
^'^\ J^>Ca+2H,0 = CaHP0.+2H,O 

[OH I 

po^ OH y 

JU> Ca+H,0=(P0,H,),Cii+H,O 

Vo\ OH 
OH 



I 

In the urine we find this last combination dissolved 
— no monomagnesic phosphate is known. In the mine 
the dicalcic and magnesic phosphates are held in boIu- 
tion by free acid (V). 

Tiie precipitation of the earthy phosphates is brouglit 
about by the addition of the alkalies (potassium, so- 
dium, and ammoDium). 

The reactions of the salts are as follows : K alkalies 
be added to calcium phosphate, it will be deprived of 
some of its acid : 

3[(P0,H,),Ca] -h 12K0H = 

(P0^)aCa9 + 4KaP0, + 12H3O 



i 



i 



' Ti acid magneaium phosptate is acted upon by ammo- 
nia, an ammonium-magnesium phosphate is formed : 

MgHPO, + NHs 4- 6H2O = Mg(NH4)P04 + 611^0 

Ammonium-magnesium phosphate formed in this 
■way appears under the microscope as fem-leaved or 
snow-flake crystals ; after long standing in the glass, 
these crystals become coffin-lid-shaped. (PL III., B.) 

To test for the earthy phosphates, we fill a test-tube 
one third full — if it was not clear with previously filtered 
urine — add a few drops of KOH or (NHj)©!!, and 
warm until the earthy phosphates separate out as a fioc- 
culent precipitate. After setting aside for ten to fifteen 
minutes to settle, we can approximatively estimate the 
amount. If we employ for the reaction an ordinary- 
sized teat-tube, 16 centimetres long and 2 c. wide, a 
layer of earthy phosphates 1 c. high corresponds to the 
normal amount in the urine ; if the layer is 2-3 c. high, 
then are the earthy phosphates increased ; if, on the con- 
trary, only single flakes appear, then the earthy phos- 
phates have diminished. 

Beneke gives a more accurate method of determina- 
tion (Neubauer-Vogel, "Analyse des Hamea," Ed. vii., 
p. 91, !)■ 

If the urine contains no abnormal coloring matters, 
the earthy phosphates are white ; if abnormal coloring 
matters are present, they are variously colored. If the 
urine contains blood-coloring matters, then the jirecipi- 
tate appeara blood-red or dichroic ; with the plant-color- 
ing matters of rheum, senna, etc., rose-red to blood-red ; 
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with bile-coloring matters, yellow-browii ; with i 
tlu'ine, gi'ay. 

An increase of earthy pJiospJiates in the urine is foimtl 
with disease of the bonea, especially" when diffuse (oi 
teomalacia, rachitis, etc), with diffuse periostitis, andi 
with chronic or arthro-rheumatic processes ; furthera 
after use of mineral waters nch in calcium, after va] 
ous medicamenta, and with exclusive flesh diets (in 
the latter ease not constant). 

A decrease of ewrthy phosphates is observed in kid 
ney affectiona In alkaline iirine we naturally find thd 
earthy phosphate in the sediment. 

^. The alkali pho&phatm are represented chiefly l 
the acid phosphates of sodium and (traces of) potassiu 
The tribasic phosphoric acid forms three salts mth th) 
alkalies, in which one, two, or three atoms of hydrogen 
are replaced by the alkali metals — 



PO,H,Na 



PO,HNa. 



P04Na5 



Of these thi'ee, only the first has an acid reaction, an^ 
its presence in the urine causes more than any othai 
constituent the acid reaction of the same. Both tl* 
others have an alkaline reaction. All three are (ij 
contradistinction to the earthy phosphates) easily solij 
ble in water and alkaline fluids. 

Of the total phosphoric acid in the urine, two thij 
is in combination with the alkalies. 

We test for the alkali phosphates (chiefly for tli 
phosphoric acid) in the urine with the magnesium mi: 



to 
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rtnre. (See Chapter IV., No. 10.) If. we test for the 

entire amount of phosphoric acid — that is to say, not 

only that in combination with the alkalies, but also with 

I the alkaline earths — we take a beaker of 20 c.e. capacity, 

I and to 10 c.c. of urine we add a third part (^l8Ually 

I 8 c.c.) of the magnesium mixture. There is formed a 

I' precipitate of crystalline ammomum-magnesiimi phos- 

I phate (fir-twig or snow-flake), with which comes down 

I an amorphous mass of calcium phosphate. If there 

I ensues through the entire fluid a milky turbidity, 

the alkali phosphates are in normal amount ; if we 

have a copiona precipitate which gives the fluid the 

appearance of cream, then there is a great increase; 

I if the fluid remains transparent, or only a slight tur- 

f bidity ensues, we have a decrease of the alkali phos- 



Thia reaction is more for the whole amount of 
I phosphoric acid in the urine than for the alkali 
I phosphates. As the eaithy phosphates only seldom 
I occur in large amount in the urine, it is usually not 
I considered necessary to separate them by filtration 
I before taeting for the alkali phosphates. If we have 
previously tested with KOH or (NH^) OH, for the 
earthy phosphates, with a little practice we can easily 
distinguish the others from the turbidity caused by the 
precipitation of the earthy phosphate. If the earthy 
phosphates are present in great amount, we must pre- 
cipitate them with ammonia, filter, and test the filtrate 
with the magnesium mixture. 
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The sulphates contained in the urine are the neutrall 
sulphates of potassium and aodiuin. 

As the sodium salts predominate in the animal j 
organism, so is there in the urine more sulphate of ] 
sodium (NasS04) than sulphate of potassium (KjSO^). 
The sulphuric acid which a sound man excretes in. j 
twenty -four hours amounts to 1*5 to 2'5 grms., usually 
2 grms. 

The test for sulphuric acid or the sulphates is made 
quite similarly to that for the phosphates, 

Tate 10 C.C. of urine in a beaker and acidify with I 
a few drops of HCl (so that the barium phosphate will J 
not precipitate at the same time), and add a third part'l 
(3—4 ex.) of the chloride of baiium solution. We have \ 
the reaction — 

|Ba[Cl, + ya,|SOj = 2 NaCl + BaSO, 



If we had not previously added HCl, then the sodium \ 
phosphate in the urine, by the aildition of BaOis, would J 
be precipitated as barium phosphate. 

If we have previously added an excess of HCl i 
the BaClg solution, it is not necessary to acidify tW 
urine before testing. (Chapter IV., No. 7.) The white | 
precipitate which is foimed by the BaClj solution is the ■( 
sulphate of barium. 

If an opaque milky cloudiness results from thia I 
reaction, the sulphates are present in noimal quantity. 1 
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f If the cloudiness la more intense, so that the urine has 
the appearance of cream, the sulphates are increased. 
If, on the contrary, a translucent light cloudiness ensues, 
I then the sulphates are diminished. 

A very pretty approximate test haa been given by 
I J. Vogel. The normal urine should contain in twenty- 
I four hom-s about 2 grms. of Hi, SO^. If a patient passes 
I 2,000 c.e. in twenty-four hours, this should contain 2 
I grms., or in 100 c.c. of urine O'l grm, Hg S0<. Take 
I now 100 c.c. of this urine and add as much BaClj solu- 
[ tion as is necessary for the precipitation of half the 
sulphuric acid (0-05 grm.) and filter. If the filtrate 
remains cleai' after the addition of BaClj, there is no 
more H^ 80^ present ; the amount of the latter is there- 
fore very much diminished. If a cloudiness ensues 
after adding BaClg to the filtrate, add as much BaClu 
I as will precipitate 0'05 grm. of the acid and filter 
I again, If the filtrate remains clear after a fresh addi- 
I tion of BaCIg, then the amount is normal, for we have 
\ taken as much BaClj as would be necessary to precipi- 
tate 0'05 + 0-05 = 0-1 grm, (the normal amount) of sul- 
phuric acid. If, however, a turbidity ensues, there is 
more than the normal amount of Hg SOj present. 

An ine)-eme of tJw sulphates or sulphwric acid is ob- 
I served — 

(1.) After an exhibition of sulphuric acid or the 
I Boluble salts of the same, and from sulphur-containing 
I compounds or sulphur. 

(2.) From exclusive flesh diet, for the sulphur of the 
f albuminous compounds is oxidized to Hg SO,. 
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(3.) In acute febiile processes with rich excretion oxj 
urea. The increase of Hj SO4 in this case is referred i 
the increased decomposition of the sulphiu'-containitig 
princijiles of the body (albuminates). The greatest 
increase is observed in meningitis, encephalitia, and] 
rheumatism, as well as affections of the muscular syatem-j 

A deerease of the sulphates occurs with an excluaivei 
vegetable diet, as well as at the beginning of typhuB^J 
and besides (in percentage) in all those urines whioK*! 
show a low specific gravity. 

Of the inorganic substances, there are present in I 
the urine ammonia (average 0-8 grm.) and traces ofi 
iron and sUicic acid. According to Duchek, the formep J 
is increased by advance of febrile processes, and dimin-| 
ished by convalescence. 

c. Abnormal Comtitiients. 
1. Albumen. 

In normal urine albiimen should never exist; bub I 
in pathological urine, especially when accompanied''] 
•with diseases of the kidney, albumen is often presentin 
in considerable quantity. 

[In view of the very numerous cases recently re^J 
corded in which, without apparent disease, albumen hai 
been discovered in the urine, following not only seven 
muscular exertion (long marches of solJiers, fenoii 
boxing, climbing, and other athletic exercises), opM 
shower-baths, or even ingestion of food, it seems to "OsM 
that this statement is too positive. Indeed, recent in*J 




TRE URINE. 



vestigations and our own experience incline us to the 
view, 80 ably advocated by Senator,* that albumen 
always exists in normal m-ine, but in such exceedingly 
email quantity, and in such extreme dilution, as to ren- 
der its detection by our present methods frequently 
impossible. With the increasing delicacy of our meth- 
ods its detection is the more frequent.] 

After au abundant use of egg-albumen, according to 
CI. Bernard, Becquerel, and others, the same has been 
found in normal urine. Serum-albumen in very small 
quantity (to 0*1 per cent.) may fippcar even for a year 
in the urine of otheiTvise healthy men without occasion- 
ing any annoyance. We have observed many such 
cases (" Wiener med. Presse," 1870), as has VogeL If 
this albumen had not been accidentally discovered in 
the urine, the affected persons would never have dis- 
covered it from their general condition. The cause of 
this albuminuria is still somewhat obscui-e. The urine 
in these cases was strongly concentrated, intensely acid, 
and contained a greater percentage of urea and uric 
acid. In the sediment sometimes nothing, but often 
crystals of oxalate of calcium and uric acid, could be 
discovered. It is probable that this albuminuria, which 
is for the most part periodical and with a very variable 
amount of albumen, is to be explained by the changed 
chemical characteristics of the urina It is possible, 
besides, that an abnormal innervation of the kidney 
may give rise to this albuminuria. These cases occur 

[* Senator, " Albnminnrift in TI«alth and Disease," and Appendices. 
"New SydeDhnm Sociotj Publications" for 1884.] 
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80 rarely, towever, ttat the appearance of albumen in i 
the urine may be regarded as no normal indication. 

Why we find no albumen in normal urine may | 
best he explained by Ludwig's mechanical theory of , 
the urine secretion. This is based, on the one hand, 
upon the relation of the pressure in the blood-vessels J 
to that in the urinary tubules, and on the other, upon J 
the osmosla of substances through animal membrane. 

Graham divides all bodies into crystalloids and col- 
loids, calling those bodies crystalloids which penetrate 
animal membranes without difficulty, and easily crystal- 
lize, and those colloids which penetrate with great diffi- 
culty or not at all, and do not crystallize. K we apply I 
this classification to albumen, and especially to serum- 
albumen, we find that it is a colloid body, for it neither 
crystallizes nor penetrates animal membrane except ' 
under great pressure. As the crystalloid substances ) 
easily penetrate animal membranes and the colloids do ) 
not, it is to be supposed that the cause lies in the molec- 
ular constitution ; that perhaps the molecule of albu- 
men is greater than that of any soluble salt. Thial 
theory gains probability if we oljaerve the constaD^I 
foam on an albuminous solution, as also tlie complex! 
chemical composition of the same. We find the ex- 
traordinary size of the albumen molecule in the ex- 
pression of its atomicity, C3,iiH,69Nji.S30iie. 

According to Ludwig's theory, the secretion in the I 
glomeruli is a transudation process, and in the urinary | 
tubules a diffusion process. We find that in the kidney 
the blood is always separated from the urine by an ani- 
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mal memhrane. These animal partitions permit the 
ciystalloids of the blood (as salts, urea, etc) easily to 
penetrate; hut the colloids (albumen), under a normal 
blood-preSBUi'e, can not pass through, and on this ac- 
count we find no albumen in noimal uriue. 

If we find albumen in the urine, then the blood- 
pressure in the renal vessels is generally increased (hin- 
dered venous circulation, heart disease, amyloid degen- 
eration of the vessels, etc.), or the animal membrane is 
defective in some place (parenchymatous nephritis and 
Bright's disease). 

Of albumen, we chiefly find in the urine serum- 
albumen and paraglobuline. If to the urine are added 
other albuminous animal fluids (e. g., blood, pus, exuda- 
tions, etc.), we find the vaiiety of albumen correspond- 
ing to these fluids. Fibrine comes with intense haemor- 
rhage and with croupous affections of the urinaiy 
apparatus, 

A time flbrinuria — that is, a coagulable urine^ 
■which occurs on the Isle of France, is seldom obsened 
with us. We mentioned this in three cases of villous 
tumors of the bladder (p. 43). We often observe a 
honey-like, sirupy urine, the thick consistence of which 
is not due to fibrine, but to pus dissolved in the alka- 
lies. Such urine becomes thinner on addition of water ; 
and if we treat the same with acetic acid, there falls a 
white precipitate of alkali albuminate. This albumi- 
nate arises from the reaction of carbonate of ammonia 
on the serum-albumen of the pus. 

For albumen there are many characteristic reactions, 
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but for tbe urine there are two m,ost satisfactory oneflj 
the concentrated nitric acid (HNO3) and the heat testa»l 

1. For the HNO3 test 10 c,c. of urine should b^ 
taken in a wine-glass, and then pure coloi'leas concen 
trated HNO3 (not fuming) should be allowed to flow ' 
down the side of the glass, forming a layer beneath the 
urine. Now, if albumen is present, a white zone will 
appear between the two fluids. This can only be coil 
founded with the urates which are precipitated in 1 
somewhat similar manner when present in great amounti 
also with the resin of copaiva. In the case of th« 
urates they are not precipitated in the zone betweenl 
the fluids, but somewhat higher up, and are not sharply 1 
defined as a zone, but curl upward from the central 
having the appearance of ascending smoke. 

If albumen and much urates are present in a urine 1 
at the same time, we obtain by the nitric acid reaction 
two layers, one above the other. The lower layOT,:* 
sharply defined above and below, between the colorles 
acid and the urine, is the albumen. The upper layer,! 
gradually becoming more intense and not sharply da 
fined above, but ascending as a white cloud, con 
the urates. A layer of clear urine separates these twoil 
The layer produced by the resin of copaiva disapp 
on the addition of a few drops of alcohol. 

If we apply the nitric acid test to normal urine, w^ifl 
observe between the acid and the urine a brown ring 
of mine-coloring matters, which in a few minutes boj 
comes more voluminous. In febrile processes, when th 
urine contains much coloring matter, this ring is very^ 
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rintensely colored. As albumen when present appears 
in the same zone, this does not form now as a white 
layer, but is more or less tinged with brown. If much 
indican is present, the urine often appears a beautiful 
rose-red or even violet ; from the presence of blood-eol- 
oring matters, brown-red ; fiom undecomposed bile-col- 
oring matters, a beautiful green. If a urine is strongly 
concentrated and we add HNOg, a copious ciystalline 
precipitate of nitrate of urea falls, which under the mi- 
I croscope shows the characteristic colorless rhombic ta- 
I bles. From a xirine rich in uric acid we often see beau- 
tiful shining light yellow-colored whetstone ciystals, 
which can be easily distinguished micro-chemically 
from nitrate of urea, because they are not soluble in 
I water. 

If the urine contains much carbonic acid, either be- 
cause it is alkaline and contains much ammonium car- 
bonate, or because it has a neutral or even acid re- 
I action and contains much soJium carbonate or free 
\ carbonic acid (as is the case flora use of alkaline and 
carbonated mineral waters), we observe that the fluid 
by addition of HNO3 becomes sparkling and sometimes 
even effervescent. 

If there is doubt about the presence of albumen, 
l.then we must employ the beat test. It is always well 
) do both. 

2. The boiling test. — If the ui'ine is acid, we take 

-10 C.C. and boil in a test tube; it is safer, however, 

mko add previously one or two drops of acetic acid. A 

I flocculent cloudiness after boiling indicates albumen. 
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If tlie urine is but feebly acid, ia neutral, or Las ; 
alkaline reaction, it is possible that a precipitate ma^ 
form upon heating, which is again dissolved by the i 
dition of acetic acid. This precipitate is not albumen 
but consists of calcium cai'bonate mixed with earthj) 
phosphates which were held in solution by carbonii 
acid ; the carbonic acid being driven off by the heatina 
allows them to precipitate (Heller's bone dust). Whai 
may happen with acid urine ia much more liable ■ 
oecui" with neutral or alkaline ; it is therefore best toj 
acidify, to avoid eoniiision. 

lu mating the boiling test with alkaline urine, tl* 
unpracticed may be easily misled as to the presence < 
albumen. The HNOg teat aucceeda here with difdcultjij 
or not at all, because of the brisk effervescence ( 
sioned by the separation of the carbonic acid gas from ■ 
the ammonium carbonate. If the urine is not acidified 
and contains a small quantity of albumen, the alkali ie 
sufficient to change the albumen to an alkaline albumiM 
nate, which ia not coagulated by heat. If acetic aci^ 
is not carefully added, but on the contrary an exw 
has been used, an acid albuminate may form, which. : 
also not coagulated by heat. A small amount of albtt 
men is with difficulty recognized if the urine ia turbi^ 
and remains so after filtration. Alkaline urinea . 
always more or less cloudy, and contain for the mosl 
part no earthy phosphates in solution. Such uria^ 
must be cleared up before testing for albumen, Fo! 
this purpose it must be boiled with a quarter of its vol-1 
ume of KOH solution and filtered. (Chapter IV., Nc^ 
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5.) Should the filtrate not be quite clear, we must 
add one or two diops of the magnesium mixture, warm 
again, and filter. This filtrate always appears clear and 
transparent. It" we carefully acidify now with acetic 
flcid, we observe a slight cloudiness from albumen, 
though this will show more distinctly if to the fluid, 
after acidifying with acetic acid, we add a few drops 
of a solution of potassium feiTocyanide without wann- 
ing, shate, and permit the sediment to settle for a few 
minutes. We observe now on the bottom of the test- 
tube the white flakes of precipitated albumen. 

It is well to know a few other tests. 

a. Acidify strongly with acetic acid, and add to the 
urine its volume of a cold saturated sodium-sulphate 
solution and boil, 

h. Drop into a perfectly clear unne a cold saturated 
picric acid solution. If a white cloud foims, then ia 
albumen present. (Galippe's test.) The cloudiness 
only lasts for a moment. 

Albumen is found in the urine — 

(1.) When the blood-pressure in the glomeruli be- 
comes greater than normal. This occurs in all disturb- 
ances of the circulation, as heart-disease, impeded ve- 
nous circulation, amyloid and atheromatous degenera^ 
tion of the blood-vessels, etc. 

(2.) In all those diseases which involve an altera- 
tion of the diffusion membranes of the kidney ; i. e., the 
walls of the tubides with their epithelium, and the 
neighboring fine arteries or their capillaries (parenchy- 
matous nephritis, Bright's disease, eta). 
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(3.) If blood, pua, or any otlier albuminous fluid 
mixed with the urine (false albuminuria). 

(4.) Sometimes with hydraamia (imperfect nutritio 
of the capillary walk). 

[(5.) With functional disorders.] 

It ie also said (Vogel) that albuminui'ia may resul 
fix)m a peculiar albumen that is formed in the feloo^ 
which penetrates the intact membranes by quite anothd 
diffusion procesa But such a form of albuminuria w| 
have never had an opportunity of observing. i 

In true albuminuria it is important to observe tllj 
amount of urine passed in twenty-four hours, for ontj 
by an increase tir decrease of the contained albumol 
can a better or worse condition of the kidney disease 1)1 
recognized. The most accurate quantitative determinlj 
tion of albumen is made by means of the balance, o^ 
by the employment of a polarization apparatus (Ghas 
ter v.). These methods are too troublesome for thi 
practicing physician, but there remains a method be 
which it may be readily discovered whether albumel 
exists in smsill (under i per cent.) or in great (1-3 p« 
cent.) quantity. With a little experience one can est 
mate approximatively the percentage fiom the appeal 
ance of the white albumen zone which forms betweei 
the fluids on the addition of the strong nitric acid. 1 
this zone is faint and feebly white, and has no lumpi 
appearance, but is almost transparent and only visibj 
as a sharply-defined band on a black background, tai 
ing the height of but 2-3 mm., we may say that aJlfl 
men is only present in small amount (less than J p« 
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cent., usually -^ per cent.). If this zone a])pears from 
4 to 6 mm. liigh, sDow-wiite, opaque, and distinctly 
recognizable without a black background, and of a fioc- 
culent appearance, then albumen is present in consider- 
able quantity (i— J per cent,). But if on the addition 
of the acid the albumen appears lumjiy and flaky, and 
more or less falls to the bottom, and by stii-ring with a 
glass rod the urine becomes of a creamy consistence, 
then albumen is present in large amount (1—2 per cent. 
and more). 

We can make a similai- investigation with the boil- 
ing test. Take a test-tube, fill it a thii'd full of clear, 
filtered urine, and heat it. Should the uriue be alka- 
line, it must be acidified with acetic acid. A slight 
turbidity after heating, the urine atill being transpar- 
ent, with only a feeble opalescence, indicates a small 
amount of albumen, and only after long standing a 
light flocculent sediment forma If the urine becomes 
cloudy by heating, and the albumen separates out as 
flakes, and a layer comes down on the bottom the thick- 
ness of a finger, then albumen is present in moderate 
amount. If albumen is precipitated in large lumps, 
and not, as in the other cases, near the suifaee of the 
fluid, but lower down where the flame surrounds the 
test-tube, and appeal's to be of a creamy consistence, 
then albumen is present in great amount. If we would 
compare the amount of albumen one day with another, 
we must boil a like quantity of urine in similar testr 
tubes, and compare the mass of the sediment after it has 
Lwell settled. It is more advantageous to employ glass 
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tubes of uniform calibrp, stopped at the lower end witli 
corka covered with waxed paper, preaetiting a level 
surface, measuring the height of the precipitate at th 
expiration of twenty-four hours. 

These are only a few suggestions for the practicin 
physician, bnt he must be very familiar with the chai 
acteristie reactions in order to di'aw satisfactory concllj 
sions from the latter tests. 

What has been said above applies to those ( 
which the albumen is serum-albumen. 

[Acid albumen or ayntonin, and alkali albumen c 
casein, may occur in the urine when it is strongly acsi 
or alkaline. Neither of these is excreted as such, buj 
they are produced by the action of acid or alkali in thi 
urine upon ordinary albumen (Ralfe). They are noa 
coagulable by heat, and hence may be overlooked ; bir 
they may be reconverted into ordinary albumen by the 
action of alkali or acid respectively.] 

Frequently other modifications of albumen occi 
of which the most important is globuline (perhapj 
myosin e). 

In order to prove the presence of globuline in tlid 
urine, it must be diluted until it has a specific graving 
of 1'002 ; then add very carefully diluted acetic aoi^ 
(for globuline is soluble in concentrated acid) ; uaua 
a cloudy turbidity results. In order to precipitate i 
the globuline, we must pass a stream of carbonic i 
gaa slowly through the solution for from one to tw 
hours. After standing some time, the globuline faJ 
aa a white powder. After pouring off the supernatam 
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F'flnid, it can be tested for albumen by tte above meth- 
I ods. If the sediment consists of globuline, it will dis- 
■ solve in a few drops of a concentrated sodium-chloride 
pvolation. The test is best made in a wine-glass or de- 
canting-glaas. (For further consideration of myosine 
and paraglobuline, see K. B. Hofmann, 1. c, 73 and 

Globuline is observed in great quantity in bladder 
[catarrh, acute nephritis, and especially in amyloid-de- 
generated, or waxy kidney ; while from chronic Bright's 
disease it may be very small in quantity or entirely 
wanting. [It has also been found with albuminuria 
apparently dependent upon disturbance of the digest- 
ive organs.] 

Peptone is contained in every albuminous urine. 
, In those cases where the temperature is very high, it 
I may occur without other albumen in the urine, 

[Peptone may occur in normal as well aa in patho- 
logical urine, and its clinical significance has not been 
definitely ascertained. Von Jaltsch diagnosticated the 
rupture of the sac and suppuration in a case of ovarian 
tumor from its presence; but Giocco denies that it can 
be used as a means of diagnosis between simple and 
purulent exudation. It occurs in two groups of cases — 
general and local. In the former (including scurvy, 
typhus, diphtheria, tertiary syphilis, small-pox, cerebro- 

I spinal meningitis, phosphorus poisoning, etc.) it seems 
to be connected with a disorganization en masse of the 
leucocytes; in the latter (including pleurisy, croupous 
pneumonia, chi'ouic bronchial catarrh, acute infiamma- 
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tory rlieumatiain) it is associated with the resorption 
of an exudation rich in cellular elements. Its amount 
depends upon the character of the exudation (abun- 
dance, richness in globules, more or less rapid disoi-gan- 
izatioD, and resorption), and the extent of surface and 
permeability of the walls containing the exudation. In- 
deed, it may appear in the urine (with or without 
serum-albumen) whenever, from imperfect digestion or 
other cause, it occurs in the blood. It also appears 
(Ralfe) from excessive formation of young cells along 
the genito-urinary tract. Decomposing albumen in the 
urine itself is another source. Inasmuch as it may be 
chemically mistaken for albumen, it is well to know- 
some of its reactions. It is not coagulated by heat or 
nitric acid, nor is it precipitated by acetic acid and fer- 
rocyanide of potassium. It is, however, precipitated 
by alcohol, tannic acid, potassio-mereuric iodide, meta- 
phosphoric and picric acids, acidulated sodium chloride 
solution, and phospho-tungstic acid (or sodium tung- 
state), and it gives a rosy-red color with alkaline solu- 
tions of cupric sulphate, Kandolph's test (Philadelphia 
" Medical News," May 10, 1884) has not proved satis- 
factory in our hands. Probably the best method for 
detecting it is that of Hofmeister,* which is, however, 
too complicated for ordinary clinical use. For a recent 
resvmS of the subject, see These, " De la Peptonurie,'* 
par Ch. E. Noury, Paris, 1884. 

Hemi-albumose, or pro-peptone, a product of gastric 

and pancreatic digestion, and intermediate between al- 

• " Zar Lehre von Pepton," " ZeiL ffir phjs. Chemie," Bd. IT., p. 256. 



I 



TBE URINE. 



"bumen and peptone, haa been detected in the urine sev- 
eral times of late, and deserves notice. It was first 
found as a constituent of urine by Bence Jones in a 
case of osteo-malaeia, and in another case of the same 
disease by Kiihne. Virchow discovered it in the me- 
dulla of osteo-malacic bones, and Fleischer in the nor- 
mal bone medulla, Stokvis found it in the urine of a v 
dog, into whoBe rectum he had previouely injected it; Ni 
and Laasar found it in the urine of rabbits after having^ 
rubbed petroleum into their skin. Senator found it in '^' 
seven cases, one each of tertiary syphilis, hemiplegia, 
double pneumonia, diphtheria, carcinoma, single pneu- 
monia, and muscular atrophy. In the latter case, how- 
ever, there had been diphtheria four years previously, 
with dysentery and hasmoiThagic nephritis as sequelge, 
and later neuritis of the left brachial plexus, with eon- 
sequent paresis and atrophy of the arm. Pro-peptone 
has also been found in the blood during digestion, and 
also in pus. It is not coagulated by heat nor the addi- 
tion of nitric acid to its hot solution ; it is precipitated, 
however, by nitric acid (in the cold) and by acetic acid, 
with potassium ferrocyanide, or a strong solution of so- 
dium chloride. It also gives the biuret reaction. It 
may be isolated (Tyson) from urine by acidulating 
with acetic acid, adding one sisth volume of concen- 
trated sodium chloride solution, boiling and filtering. 
If, on cooling, the filtrate becomes turbid, with or with- 
Lout the further addition of sodium chloride, and the 
■turbidity disappear on heating to reappear on cooling, 
[pro-peptone is present. If desired, the second precipi- 
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tate may be filtered off, dissolved in a little waten 
and reprecipitated with acetic acid and potassium fen 
cyanide. 

Owing to tile importance of mucin as a source i 
error in testing for albumen, especially with the lata 
and more delicate teats, it is appropriate to say a few 
words regarding it in this place (for further particulan 
see under " Sediment," p. 165). Mucin is a substanci 
closely allied to the albuminoids, but contains 
sulphur. It 18 the active constituent of mucus, and ■ 
contained in greater or less quantity in all urines. Ina 
normal urines it is present in very small quantity, andfl 
in a state of suspension or false solution. Its appeal 
ance in abnormal quantity, without albumen, has littW 
clinical significance, except as indicating j 
flammation of some part of the genito-uriuary traoti4 
It is not coagulated by heat, and is soluble in the alka^J 
lies and strong mineral acids, and in water (false boIh 
tiou). It is precipitated by alcohol, all organic acidffl 
(including picric, Oliver), and dilute mineral acids ; 
excess of the latter will, however, redissolve tlie pn 
cipitate. In order to get rid of this disturbing eld! 
ment, when using the more delicate tests for albumeafl 
it is best to add acetic acid (in the proportion of iwa 
drops to 10 C.C. of m-ine), as long as there is resultiugi 
turbidity, set the test-tube aside for an hour or , 
and filter through double filter-paper before addii 
the reagent. 

Pepsin, trypsin, and a diastatic ferment have beeHJ 
found in normal as well as pathological urine. 
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The following reageota, enumerated in the oixler 
L of their deli<?acy, have received extended professional 
I attention since the first edition of this work. 

Potassio-mereuric iodide was first introduced by M. 
I Ch. Tanret, of Troyes, in 1872, and is an exceedingly 
[ delicate reagent for detecting albumen. The basis of 
I its reaction is the precipitation of albumen iu an acid so- 
l lotion by the double iodide of mercury and potassium. 
t The test liquid consists of *potas8ium iodide, 3'22 grms. ; 
I mercuric chloride, 1*35 grm, ; distilled water to 100 c.c. ; 
and, as a con-firmatory solution, a 1 per cent, solution 
I of mercuric chloride. 

The test may be used qualitatively or quantita- 
tively. 

For qualitative testing add one or two drops of 
acetic acid to 10 c.c. of urine under stirring (if a de- 
I cided turbidity result, filter), and then add the reagent 
I drop by drop. If albumen be present, a white, opaque, 
I flocculent precipitate will form, and will not be dis- 
I solved in excess of reagent. 

The quantitative test is veiy simple, and is as fol- 

I lows ; To 10 C.C. of urine add two drops of acetic acid 

as before, and then add the reagent drop by drop (from 

a pipette which will give a drop of 0*05 grm.), stirring 

carefully each time until the precipitate is no longer 

I resolved in the albumen in excess ; then, after each 

I drop of the reagent, put a drop of the mixture on a 

I porcelain dish, add a small drop of the confirmatory 



* This IB the formiila given b,v Stepben (Londor 
I 1882, p. 614), and ie tlje one used hj ub. 
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solution, and watch whether a yellowish-red color ap- 
pears. Aa soon as it does, all the albumen is precipi- 
tated and the reaction is finished. 

Aa the precjpitatiug solution is so constituted that | 
one drop from the five-centigramme pipette wUl pre- 
cipitate five milligrammes of albumen, and it takes 
three drops to give the color reaction with the con- 
firmatory solution, ths number of drops used, less three, 
muUiplied by jive, wiM give the nUTtiber of viUligrammea 
in 10 C.C. of urine; or, more simply, each drop, aftw 1 
three have been subtracted, wUl represent a lialf 
gramme of albumen in a litre of urine. From this, of 
course, the twenty-four hour amount can be readily ] 
computed. 

If this test be improperly performed, mucin, urates, 
urea, peptones, and vegetable alkaloids will be precipi- 
tated, as well as albumen. The two former may be ' 
eliminated as before mentioned. If sufficient acetic 
acid has been added, urea is not precipitated. Pep- 
tones and the vegetable alkaloids are dissolved by heat. 
Of the vegetable alkaloids, the only ones likely to te 
present in disturbiug quantity are those of cinchona 
bark and opium. In view of these facts, however, no 
known quantitative test founded on the precipitability 
of albumen by this reagent can be chemically exact as 
applied to the urine. 

PicHc acid mainly owes its present popularity to . 
Dr. George Johnson, of London,* who was unaware^ ] 

* He lias coDtribnted a. series of papers to the LoDdoa ''Lanaet*^ (b»- I 
^noing in 1883) regardiog its use in urinarj analjHis, 
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^^V wten he published hia first investigations, that Galippe 
^^H had preceded him in its discovery as a test for albu- 
^^B men. This reagent is almost as delicate as potassio- 
^^^ mercuric iodide, and much more so than nitric acid. It 
^^H is also non-corrosive, but will stain clothes and fingers, 
^^H as microecopists are aware. It may be used in powder, 
^^* or, better, in saturated solution (about one part acid to 
fifty parts distilled water). Some authorities (as Dr. 
^^^ Oliver) advise the addition of citric acid to the test 
^^h solution; but, in our opinion, it is better to add the 
^^H dtric, or acetic, acid to the suspected fluid before add- 
^^^V ing the reagent, so that their effects can be differ- 
^^B« entiated. Dr. Johnson himself thinks the addition of 
^^H another acid unnecessary. The best method of using 
^^H this test is by overlaying the suspected fluid with the 
^^H test solution (having previously acidulated, as in the 
^^B foregoing test), which the epecifle gravity (1003) of 
^^H the latter renders possible in most cases. This is best 
^^H accomplished by adding gently from a pipette nearly an 
^^H equal volume of test fluid to 10 cc. of urine contained 
^^H in a test tube which is slightly inclined. If albumen 
^^H be present, a white fiocculent precipitate will take 
^^^ place just above the zone of contact, contrasting dis- 

Itinctly with the bright yellow of the picric acid solu- 
tion. This precipitate is soluble in excess of albu- 
minous urine, but not of reagent. Mixture, not mere 
contact at the point of junction, of the two fluids is 
necessary to produce this reaction. 
This reagent is open to the same objections as the 
preceding, and has almost the same advantages. It pre- 



ANALYSIS OF TEE URWE. 




cipitates mucin (Dr, Jolinson to the contrai'y notwifh- 
etaading), urates (when present in excess), peptones, 
and vegetable alkaloids, as well as albumen. The tw<* 
first may be eliminated as in the preceding test, and * 
of thera dissolve on heating except mucin and albnmen 
so that all sources of enx)r can easily be removed. 

Sodium tungstate was brought before the profession.'! 
by Dr. George Oliver,* and he recommends for thai 
test solution equal parts of saturated solutions of sol 
dium tungstate (one to four) and citric acid (ten l 
six). Owing to its specific gravity (1214) it is bee 
used as nitric acid in Heller's method. It is very deli-l 
cate, being about as sensitive as picric acid (accordingj 
to Oliver, it will detect one pai-t albumen in 20,0001 
water), and precipitates the same substances, with thftl 
exception of alkaloids. Heat also has the same effect 
on precipitates caused by it. 

Potassium ferrocyanide is less delicate than the 
preceding three reagents, but more so than nitric acidLil 
It ia used in saturated solution, and requires previouaiB 
aeidulation of the urine. It does not precipitate mu^ 
cin, peptone, or the alkaloids, but does throw down tKw 
urates, 

Meta^hospkoric acid, introduced by Hindenlang,* 
and the brine test of Roberta, have had their advocates S 
but there are serious objections to both. The first is f 
very sensitive reagent, but precipitates proteids and i 
not stable, for, on standing a short time, it becomes coii*l 

• London " Lancet," Vol. I., 1888, p. 139 et uq. 
t " Berlin, klin. WochenBchrift," 1881, No. 15. 
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verted into orthophosphoric acid, which does not pre- 
cipitate albumen. The brine test (saturated solution 
of common salt acidulated with one per cent, strong 
HCl) is not as delicate as either picric acid, sodium 
tungstate, or potassio-mercuric iodide, and precipitates 
proteids besides. On this account its author has dis- 
carded it in the last edition of his work. 

While some authorities, noticeably Bi'. Roberts, 
consider these new reagents of little cUuical value, 
and rely simply upon nitric acid and heat for the de- 
tection of albumen, we can not agree with them. The 
precipitation of so many substances, usually of differ- 
ent clinical significance from that of albumeu, is often 
misleading if we rely on any one test; yet a combina- 
tion of two of them, as the potassium ferrocyanide 
and picric acid, or potassio-raercuric iodide, may give 
U8 valuable information not only in regard to albu- 
men, but also in regard to other proteids. Besides 
which, with proper manipulation of any one of these 
tests with heat, we can eliminate sources of error, and 
even the nitric acid test (a less sensitive one) ought 
always to be supplemented by boiling, and sometimes 
by alcohol in addition. The negative value of the 
most delicate reagents is unquestionable, and any albu- 
men undetected by them is certainly of no clinical sig- 
nificance. It is true that we have not yet worked up 
to the full pathological significance of the trace of albu- 
men missed by nitric acid and heat and detected by 
other tests, but it may not be long before we do so, and 
even now we should be put on our guard against a more 
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serious albuminuria. With our present knowledge we 
think it beat to begin testing a suspected urine with one 
of tlie most delicate tests, and, if albumen or a proteid 
be indicated, apply heat and nitric acid certainly-, and, 
better, some of the other proteid tests, of course sup- 
pleraeuting all by the microscope before forming 
diagnosis. 

Dr. Oliver* has ingeniously contrived a series i 
" test papers " suitable for bedside testing, but not, : 
our opinion, as satisfactory as the solutions. They an 
arranged for sugar and albumen testing (the lattea 
based on the recent delicate tests), and are for sale il^ 
London and in this country. f] 



The urine- sugar, CaHiaOg -|- H3O (identical witl 
grape-sugar), is, according to Briicke, a constant coit 
stituent of normal urine. It is present in such exceec 
ingly minute quantity, however, that when we 
Trommer's test we do not observe the least preclpitatt 
of yellow cuprous hydrate. We observe that the mij 
ture simply changes color. In pathological urine, es] 
cially in diabetes mellitus, we find so great an amoait 
of sugar that the urine possesses a sweet taste ; and i 
a piece of cloth is saturated with it, after the evapon 
tion of the urine the cloth is as if smeared with honeyj 

[* See London " Lancet " for 1883, and " Bwlside UriQe-Testing," 1 
don, 18g5. 

+ Parke, Davia &, Oft, New York and Oliicago, prepare a very ooqtc 
ient case coatwning them, with directions for their nse,] 
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' The nriTie-Bugar crystallizes in agglomerated masses, 
which resemble cauliflower iu form. 

Of the various tests for sugar, the following are 

I generally employed : 

1, HeUer^a or Moore's Test—Voxiv into a test-tube 
two volumea of urine and one volume of KOH or 
NaOH, and heat to boiling. The earthy phosphates 

[ fell, and if present in great amount must be filtered 

' off. As soon as the fluid becomes hot, a lemon-yellow, 
yellowish-brown, or blactish-brown color appears, ac- 
cording to the amount of sugar present. If we now 
treat this with a few drops of nitric acid, the dark color 

I vanishes, and it gives ofi" the smell "of molasses. If al- 
bumen is present in gi'eat Amount, it should be pre- 
viously separated by boiling and filtering. If the urine 
has a dai'k color, which is seldom the case in diabetes, 

[ we must render it colorless by acetate of lead (by this 

[ means a slight amount of sugar falls), or by filtration 

I through animal charcoal. This filter must be washed 

I with water, for it contains much sugar. 

If the urine has a dark color from the addition of 

I KOII in the cold, it is generally due to the biliary cot- 
oring matter. This change of color takes place if the 
biliary coloring matters have already decomposed, i. e., 

I if the urine does not give Gmelin's or Heller's test for 
the biliary matters. In this case the change of color, 
especially if by the addition of sulphuric acid a very 
dark color is produced, is a good proof of the presence 
of biliaiy coloring matters. 
Aecordinsr to Bodecker, if a mine which has been 
I 
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treated with potassium hydrate (KOH) and allowed 
atand in the air gradually colors brown from ahova 
downward by absorption of oxygen, it contains a pe- 
culiar substance which he calls alkapton. This body 
will reduce the copper salt, but not the hiamuth saltw 
Probably this body is pyrocatechine. 

[Dr. W. G. Smith * met with a case in which the 
urine (that of an apparently healthy child, three years 
old, and not taking medicine) gave the characteristio 
reactions of Bodecker'a alkapton, i. e., strong alkalies 
darkened tbe nrine without the application of heat, and.] 
the discoloration proceeded from the surface down (oxi- 
dation co-operating with the alkali) ; it partially ra-i 
duced the copper test, and was unfermentable by yeast. 
This substance also quickly reduced silver nitrate and' 
had a slight reaction with the Lowe bismuth test for ■ 
sugar. Feixic chloride produced a distinct green color,' 
turned to reddish-brown upon the addition of an alkali 
The specimen contained no bile or albumen. Fromi 
these and other reactions mentioned in Dr. Smith's arti. 
cle, he concluded that the substance in question waa 
protocatechuic acid, a conclusion confirmed by Pro£ 
Hartley's optical examination. It would seem, there- 
fore, that " alkapton " is to be regarded as a general 
term. 

M. Vetlesenf reports that, after the internal 
ministration of turpentine, there appears in the uriiu 
in rather large quantity, a substance fermentable slowt 

[• Dablin " Jourual of Medical Science," June, 1882, p. 465. 

+ Abstract in "Medico! Times and Gazette," Soptembor IS, 1883, p. 864.]^ 
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by yeast, without dextro-rotatory power, which will re- 
duce an alkaline solution of bismuth oxide on boiling, 
and also cupric oxide, and a small amount of hydro- 
chloric acid will destroy it at a low temperature,] 

Mulder's teat gives a beautiful color reaction. If a 
colorlesa saccharine urine iis heated with a solution of 
iudigo-carmine, which has previously been made alka- 
line by sodium carbonate, the blue mixture becomea 
first green, then purple-red, and finally yellow. If we 
shake the heated mixture in the air it takes up oxygen, 
and the color again passes back to blue. If but a 
small amount of sugar is present, the indigo-carmine so- 
lution only becomes a pale blue. 

[This test has been adopted by Dr. Oliver in his 
test paper series, aud he claims for it sensitiveness 
equal to that of the picric acid or Fehling'e test, and 
less liability to sources of error. He also claims ap- 
proximate accuracy for his method as a quantitative 
test. We have had no opportunity of experimenting 
with the indigo-carmine papers prepared in Loudon, 
but those of Parke, Davis & Co. have not been satis- 
factory in our hands; and, in our opinion, quantitative 
results obtained by the average practitioner from shades 
of color as delicate as those produced in this test are, 
to say the least, open to question. One wishing full 

I details of this test will find theni in the works of Drs. 

\ Oliver * and Tyaon.f] 

2. Trommer'a Test — Treat as before two volumes 



[* " Bedside Urinary TeHtiog," third edition, 188B. 
t " Practical Esamination of Urine," flfth edition.] 
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of iirine with one volume of the KOH or NaOH eoh 
tion (1 part in 3) ; add now drop by drop a Bolutioiil 
of cupric sulphate (1 part to 10), shaking after each 
addition until the mixture shows a clear, beautifiil 
azure-blue. Then heat over a spirit-lamp. K sugar is j 
present, a reduction of the ciipric oxide immediately 
takes place, and in the following order : Fir&t appea: 
a yellow cuprous hydroxide, which soon loses its watt 
and becomes the red cupi'ous oside. If the urine coa 
tains albumen in large quantity, it must first be sep 
rated by coagulation. If we do not remove the albQ 
men, it has a marked influence on the reaction, so thffl 
the mixtm'e of urine, KOH and CUSO4, does not 
come blue, but of a violet color. If neither sugar na 
albumen is present, we obtain neither an azure-blue no: 
a violet-colored solution, but a turbid grayish-greea) 
fluid, and by application of heat there is naturally nff 
reduction of the cupric salt. 

It is better to employ a solution of sodium-potassinii 
tartrate (Rochelle salt) in sodium hydrate (NaOE 
If we add NaOH to the cupric sulphate solution, cd 
pric hydrate (Cu[0H]3) falls. If grape sugar is pr» 
ent, a corresponding amount to this will be held in 
solution. If we have added too much cupric sulphate 
there is an excess of the precipitated Cu(0H)3 in " 
solution, and the same must be filtered ofi^, because I 
would otherwise change to the black oxide of coppi 
(CuO), and thereby interfere with the reaction. 

By the employment of the sodium and pota^iu: 
tartrate solution we preserve a clear fluid. 
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A lai^e amount of creatine, peptone, etc., may pre- 
vent the reduction to cuprous oxide. 

[Roberta's test is practically the same as this, and 
is a modification of Fehling's test used qualitatively. 
He proceeds as follows : " Fill a test-tube to the depth 
of three quarters of au inch with the co])per solution ; * 
heat until it begins to boil, and then add a drop or so 
of the suspected urine. If it be ordinaiy diabetic urine, 
the mixture, after an interval of a few seconds, will 
turn suddenly an intense opaque-yellow color, and in a 
short time au abundant yellow or red sediment falls 
to the bottom. If, however, the quantity of sugar pres- 
ent be small, the suspected urine is added more fieely, 
bu,t not heyond a volume equal to that of the test em- 
ployed. In this latter caae the suboxide is always 
precipitated yellow,f never red. { The method of per- 
forming the test should be as follows: The copper 
solution having been heated to ebullition, and some- 
thing less than an equal bulk of the suspected urine 
having been added, the mixture is again raised to the 
boiling point. It then changes to an intense opaque 
yeUowish-green, and slowly a bright yellow deposit 
precipitates. If the urine contains less than a one half 
grain percentage of siigai", the precipitation does not 
take place immediately, but occurs as the liquid cools 



[* Op. eit., pp. S0*-213. 

+ Fuhling'a fluid, see " QQantitatire Determination," p. 21fi. 

I 0. Giacomo ("Ohora. Ceotralblatt," 1884, p. 185) flniJs tliat creatinine 
will oaase the yellow disooloratios sometiraeB seen in tenting witli Fehltng^s 
fluid, obscuring tbe presence of a trace oF sugar, and necessitating the pres- 
ence of more copper than would be reduced b; tbe sugar alone.] 



ANALYSIS OF THE UEINE. 



in five, tec, or twenty minutes, and the manner of tLe 
change is peculiar. First, the mixture loses its trans- 
parency, and passes from a clear olive-green to a light 
greenish opacity, lookiog as if several drops of milk 
had fallen into the tube. This green milky appearance 
is quite characteristic of sugar. By this proceeding, 
one tenth of a grain per fluidounce, or less than on& 
fortieth of a grain per cent., can with certainty be duA 
tected, and any quantity below this has no patholog 
cal signification, and is a matter of only physiologicid'l 
interest." 

He especially cautions against prolonged boiling ina 
such eases, as it, and only it, causes the mixture to , 
sume "a muddy, dirty fawn appearance," with reddislt 
deposit, although no sugar be present. The reddieltl 
deposit he considers due to the precipitated phos^ ' 
phatea colored red by some suboxide, "reduced, per- 
haps, through the instrumentality of uric acid." He_ 
claims, however, that if his method be properly tibo 
nric acid and the urates will not be a source of error.J I 

3. Bottger''8 Teat.—'Yri^s.i as above two volumes ofl 
urine with one volume of KOH, and add as much \ 
can be taken up on the point of a penknife of ] 
istery of bismuth (a mixture of basic bismuth nitrati 
BiO.NOs + HsO, and some bismuth nitrate, Bi(N08;a 
-|- SHijO), and heat for a short time over a flame^ 
Sugai- reduces the bismuth salts, so that black suboxida 
of bismuth (BiaOg) is formed. If only a little sugar i 
present, the white bismuth powder is colored lighi 
gray, because simply a part is reduced. If but a tra 
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r*>f sugar be present, then an excess of the bisrautli 

nitrate may conceal the reaction. 
I If albumen is present, this must first be separated, 
[ for by the decomposition of the albumen a black sul- 
I phide of bismuth is formed, which may be easily mis- 
[ taken for bismuth suboxide. In order to ascertain to 
[ what the color is due, we take a sample of the urine 
[ made alkaline, and add to it a few drops of lead ace- 
I tate, and boil. A black precipitate indicates the pres- 
I ence of a sulphur compound in the urine, 
I Brucke recommends for the separation of disturbing 
I elements Frohn'a reagent.* Take equal quantities of 
\ water and urine in two test-tubes ; to the first add HCl 
■until a drop of the reagent no longer produces cloudi- 
ness. In this way we ascertain approximately how 
much HCl must be added to the urine. After acidifica- 
I tion we treat the urine with the reagent and filter (the 
I filtrate should then not become cloudy by the addition 
[ of HCl or the reagent). Add now an excess of NaOH. 
I Should the precipitate of bismuth hydrate be too co- 
[ pious, a little should be removed by decantation ; then 
we heat a long time, as with Bottger's teat. 

Maschke gives the following modification : Treat 

I the urine with one third its volume of tungstate solu- 

tion.t If proteine substances are at hand, there arises 

* Froho's reagent (iodide of bismuth, and potassium ) : 1'6 gnn. of nn- 

iwashod freshly [irecipitated basic biamuth nitrate is mixed with 20 grma. at 
water and heated to boiling; then 7 grraa. of potesaiiim iodide, and fioally 
20 drops of [tCl are added. The resulting flaid is orange-red. 
t OrjHtallized tungBtato of sodium, 80 parts ; acetic acid (30 per cent), 
75 parts; water, 120 parte. 



ANALYSIS OF THE UETNE. 

a precipitate. After the aettling of the same, add 
a few drops more of the reagent to see if all the 
proteidg have come down. To the filtrate add half 
the volume of concentrated NaOH and a small amount 
(aa much as half a pepper-grain) of basic bismuth 
nitrate, and shake well, If this is not colored brown 
or black, we must boil for some time and observe_ 
after cooling whether a black precipitate has fonnen 
If the precipitate of bismuth is already black 
fore the boiling point is reached, we may decide 
the presence of diabetic sugar; a slight browning 
or later becoming black, shows only the normd 
amount of sugar present. If the bismuth oxide 
comes brown before wanning, there is a sulphide ifl * 
solution. We must in this case tak6 a new sample 
of urine, weakly acidify with acetic acid, shake up 
well with some bismuth nitrate, and treat the filtrate 
as above directed. 

[In this connection picric acid deserves mention as 
a delicate reagent for the detection of glucose. The 
basis of its use as a test is the fact that when solutions 
of grape sugar and picric acid are boiled together in 
the presence of caustic potash, the yellow picric is re- 
dueed to the deep red picramic acid. This was dis- 
covered by C. D. Braun some twenty years ago, but 
was not much utilized until Dr. George Johnson, of 
London,* having accidentally stumbled upon the same 
fact, strongly advocated its application to the examina- 

[" Britisli "Medical Journal," March 17, 188B, and series of oommniiiea- 
tions to the "Lancet," beginning November 18, 1882.] 
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' tion of diabetic urine. The test la botli qualitative 
and quantitative, and for its performance by Johnson's 
I method are necessary ; 

1. A cold saturated solution of picric acid. 

2. Liquor potassiB (specific gravity, 1058). 

3. A standard color solution. 
The last is prepared as follows : 
Take a fluidraclim of a solution of grape sugar in 

I the proportion of a grain to the fluidonnce (of distilled 

rwater), mix it with half a fluidi-achm of the liquor 

P-potassffl and ten minims of the saturated picric-acid 

solution, and make up the mixture to four drachms 

; with distilled water. Heat this mixture to the boiling 

point, and continue boiling sixty seconds by the watch, 
so as to insure complete reaction between the sugar and 
the picric acid. During the process of boiling, the color 
of the liquid is changed to a beautiful claret-red. The 
liquid is then cooled by careful immersion of the test- 
tube in water, and it having been ascertained that 
there are four fluidrachms of the mixture, or, if there 
are not, enough distilled water to make up the four 
drachms having been added, the color of the mixture is 
that which results from the decomposition of the picric 
acid by one eiglitb of a grain of sugar (i, e., sugar 
in the proportion of a grain to the ounce), and is a 
convenient standard for comparison in volumetric 

II analysis. 

^^L ■ The color thus obtained is not, however, permanent. 

^^BAs a permanent solution of exactly the same shade, 

^^H Johnson recommends: 
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Liq. ferri perclilor. fort. (B, P.) . f3j, 

Liq. ammon. acetat f3iv, 

Acid. acet. glacial f3iv, 

Aq. destillat ad f 3 ijsa. M. 

It is a good precaution, before using this, to com- 
pai'e it with some freshly prepared glucose standard 
solution. To perform the test : Take one drachm of the ] 
suspected urine, half a drachm of the liquor potassse, ten 
minims of the picric-acid solutiou, and enough distilled 
water to make four drachms ; raise the temperature of 
the mixture to the boiling point, and continue boiling 
for sixty seconds. If the prolonged boiling has dimin- 
ished the volume of the mixture, bring it to four 
drachma again by the addition of distilled water, and 
compare its color with that of the standard solution. 
It is hardly necessary to state that in this comparison 
vessels of the same shape and size should be used, and 
they should be viewed by transmitted light. 

If the color of the mixture is darker than that of 
the solution, sugar in abnormal quantity is present. 
To determine the exact amount, distilled water should 
be added until the mixture is of precisely the same 
shade as the standard solution. The amount of water 
added should be noted, because the number of volumes 
of water added, plus one (the volume of the mixture), 
give the number of grains of sugar per ounce in tlie 
urine. For example, if to one drachm of the mixture 
' it has been necessary to add two and a half volumes of 
water, l-j-2^=3i is the number of grains per ounce. 
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r Inasmuch as ten minima of tlie pierio-acid solution 
'only a little more than suffice for the reaction of one 
eighth grain of sugar, a larger proportion of sugar than 
one grain to the ounce would require for its reducing 
action more than ten minims of the picric-acid solution, 
and, in order to determine whether or not sugar is pres- 
ent in such proportion, repeated trials with twenty, 
thirty, forty or more minims of the picric-acid solution 
must be made until the last two trials show the same 
shade of color. If sugar is present in greater amount 
than six grains to the ounce, before making the final 
analysia the urine should be diluted with one on more 
volumes of distilled water, and the resulting mixture 
tested as above. An excess of picric acid will not 
materially affect the test, but the same amount of 
liquor potassje must always be used. • 

If the firet trial with ten minims shows a lighter 
color than the standard, sugar in less quantity than 
one grain to the ounce is present, which is of slight 
clinical importance. In case it be desired to find the 
exact amount, the standard solution should be diluted 
with an equ^ volume of distilled water (making the 
color that given by 0"5 gr. sugar to the ounce), and the 
test proceeded with as befoi-e. 

From an examination of several hundred, specimens 

■of apparently normal urine, Johnson has found that 

Fthere exists in normal urine a substance (or substances) 

which is not decomposed by prolonged boiling, Is un- 

I fermentable by yeast, and which equally with glucose 
reduces picric acid and cupric oxide. He regards this 
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substance as " saccbaroid," and finds it present in tlie pro- 
portion of 0"5 to 0'7 gr. per ounce (average 0-6 gr.) in all 
normal urines. This " saeeharoid " substance has been 
proved to be creatinine. The mere boiling together of 
pici'ic acid and a solution of caustic potash will cause 
an orange-red coloratittn (due to the formation of potas- 
sium picrate). This need not, however, be a source of 
error; but the presence of alkali sulphides in the urine 
will reduce the picric acid, although Johnson claims 
that the presence of albumen does not afFect the test. 
Oliver states that inosite, creatine, and creiitinine will 
reduca the acid ; these and other reducing agents soi 
times found in urine are only likely to cause error i 
case of very slight glycosmia. The simplicity of 
method, and the use of the acid as a test for albumei 
coiftmend its use to the busy practitioner for approxi- 
mative testing in decided cases of glycosuria. Wo can 
(from examination of diabetic urines and artificial solu- 
tions of glucose in water and urine) confiira Dr. John- 
son's statement that its quantitative results ai-e almost 
identical with those by Fehling's test when glucose 
is present in larger quantity than one^gi'ain to the 
ounce.] 

Heller's test is the simplest and best, and has 
aides the advantage that one can form an approximati' 
determination in regard to the amount of sugar preei 
from the intensity of the color. In the second 
comes the bismuth test, for if the urine is free 
albumen there is no other substance present which 
reduce bismuth. As to Trommer's test, it is least to 
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recommended because, besides sngar, there are in urine 
other bodies wiiich if present in quantity may reduce 
the copper salt. Such are especially unc acid, hippuric 
acid, and the uiate?. There are many known cases, as 
in febrile processes, in which large quantities of urates 
are present in the urine, where sugar might erroneously 
be supposed to exist, if we relied simply on the yellow 
color of the mixture, without the reduction of the oxide 
having been observed. The most reliable tests for all 
caaea are the fermentation and the polarization tests, 
but these are generally inconvenient for the pi'acticing 
physician. 

[Dr. Roberts has devised a method by which the 
fermentation test can be made very useful to practi- 
tioners, provided sugar be present in more than 0'5 per 
cent,, or 2J gr. to the ounce. He has found by re- 
peated experiments (and his results have been practi- 
cally confirmed) that each degree difference (measured 
on the urinometer) of specific gravity between fer- 
[ Jnented and unfermeuted samples of the same saccha- 
rine urine at the ordinary temperature (59°-77° Fahr., 
15°— 25° C.) represents one grain of sugar to the fluid- 
ounce; or, multiplied by the co-efScient 0'23, will give 
the percentage of sugar present. The test is best made 

I by taking two samples of the same urine (say 100 c.c, 
.each), and to one in a bottle with a nicked cork (to 
allow the generated carbonic-acid gas to escape) add a 
Jump of fresh German yeast (about the size of a small 
■Walnut); put the other in a tightly-stoppered bottle, 
and place the two bottles side by side in a warm place. 
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After twenty-four hours take the specific gravity of tlie 
two specimens (at the ordinary temperature), and the 
difference between tbera will represent the number 
grains of sugar per fluidounce as above mentioned.] 

If it is granted that sugar is present in the urine oJ 
a patient, it is quite important to know how much 
present and how much is excreted in twenty-four houra. 
The most accurate quantitative methods ai-e spoken of 
later. We may form an approximative conclusion from 
the specific gravity. The higher the specific gravil 
the more sugar should be present. This is tine for 
simple sugar solution, but not for auch a compous* 
fluid as is the urine. Beuce Jones haa shown that tl 
method is not always to be relied upon, even for 
approximative test. 

The second method is that of Vogel, which eonsii 
in determining, from the more or less intense color pro- 
duced by the KOH test, the amount of sugar presem 
This is quite con\'enient for the physician. If one pi 
pares for himself solutions of grape sugar of difife] 
strengths, and makes the tests with KOH in tubes 
the same size, he can easily form a scale of the percem 
age of sugar pi'esent which will be fairly satisfacton 
Treat two parts of each sugar solution with one pai 
of KOH, and heat to boiling. A one per cent, solutii 
will be colored canary-yellow ; a two per cent, solutio: 
dark amber ; a five per cent, solution, the color of da] 
Jamaica rum ; and a ten per cent, solution beconn 
dark brown and opaque, while all solutions of lesa 
centage are more or less transparent. As the diabetii 
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■arine has a very liglit color, so by comparison with 
these solutions an approximative determination can be 
easily ai'rived at, with the help of the known specific 
gravity. 

Sugar in large amount occurs in only one group of 
diseases, namely, glycosuria. A temporaiy glycosuria 
oecura after many lesions of the brain, and also a araall 
amount in acute febrile processes, after spontaneous 
gangrene, pneumonia, typhus, rheumatism, and acute 
encephalitis ; in affections of the nervous system, espe- 
cially of the spinal cord ; in cachexies and similar pro- 
cesses ; also after the introduction of turpentine, nitro- 
benzole, nitrite of amyl, etc. 

Neukomm and Vohl have exceptionally found ino- 
site in diabetic urine, either with or in place of grape 
sugar. Also in acute Bright's disease inosite has been 
found in the urine, 

[This substance (also called muscle sugar) has been 
found in muscle, lungs, spleen, liver, kidneys, and brain ; 
and, in addition to the before-mentioned diseases, it has 
also been detected in cases of phthisis, syphilitic ca- 
chexia, typhus, and disease of the medulla, also in two 
cases of tumor in the vicinity of the fourth ventricle ; 
although in a case of polyuria, with inflammation of the 
fourth ventricle, Pribram (as quoted by Belfield, " Dis- 
eases of the Urinary Oi^ans," p, 128) was unable to 
detect either glucose or iuosite. In several cases of 
[inosituria, without any tangible disease, Ralfe observed 
loderate but not excessive polyuria, general malaise, 
and always considerable aching of the limbs. The full 
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patliology of this disease (if it may be called sucli) : 
■as yet but little kuown. 

Inosite ci-ystallizes in large rhombic tables or tram 
parent, colorless prisms, is not fermentable by yeasj 
but is capable of lactic-acid fermentation, and in aqud 
0U3 solution is optically indifferent. A solution < 
inosite evaporated witb nitric acid almost to dryneai 
the residue being moistened with a little ammonia i 
chloride of calcium, and again evaporated carefully \ 
dryness, will yield a vivid rose-red color, which is a^ 
parent with one milligramme of inosite (Scherer), 
cording to Cloretta, Ralfe, and Oliver, it is inosite whid 
causes the green color (followed by a light greenish pn 
cipitate and return of blue color to the supematanM 
fluid) sometimes observed in using Feliling's test. 
boiling this precipitate will cause the same change \ 
color. For further details, see Neubauer and Vogi 
edition 1881.] 

The breath of many diabetics has an odor lite chlo- 
roform. Their fresh urine has the same smell 
standing a short time. It is colored dark reddish 
brown with iron chloride. In the distillate of i 
urine, acetone and alcohol are f(»und, which may arisi 
from the breaking up of ethyl diacetate : 

CaHioOa + 2HaO = Q^^O + CH^O + CO^ -H H3O. 



L solul 



[Lactose occurs in crystalline form (right rhombk 
prisms terminated by octahedral points), is not verj 
soluble in water (1 part to G cold water), and precip 
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rtates alkaline copper solutions and indigo-carmine. It 
does not undergo the alcoholic fermentation easily with 
yeast, but readily undergoes the lactic fei-mentation, 
and has a dextro-rotatory power of 59-3'',] 

In women, milk sugar (lactose) appears in the urine 
from twenty-four to forty-eight hours after the weaning 
^^^ of children, or as soon as from any cause the milk is 
^^Htiot sufficiently gotten rid of (lactosuria), 
^^H [LsBvulose (obtained from invert or fruit sugar) 
^^Biihas been occasionally observed in the urine of persons 
^^Viiaving the symptoms of diabetes, with or without glu- 
^^K^se. It reduces cup ric- sulphate solutions as glucose, 
^^Vbut may be distinguished from the latter by its left- 
^^" handed polarization, care, of course, being taken to 
exclude other Isevo-rotatory substances. Its power of 
polarization diminishes with elevation of temperature, 
|:being 106" at 14° C, 79-5° at 52" C, and 53° at 90° C. 
[Its clinical eignificance is unknown. 

Of late the occurrence and pathological significance 
lef acetonuria and diaceturia have attracted a good deal 
•of attention, and von Jaksch * has done much to ad- 
"Vance our knowledge of the subject, which is still, how- 
fever, rather obscure. He believes that the volatile sub- 
stance which Lieben says is contained in the distillate 
■om normal urines, and from which iodoform is ob- 
iained by the action of sodic or potassic hydrate and 
iodine, is acetone, and is therefore to be considered a 



[♦ "Bericlit der deutsoh. ohem. GeflellBchaft," 1883, p. 1492, and i; 
Hier pnblioftiions more recently. See especially a summary of liis TJew 
ft; Dr. P. C. Griffltb (" Pliilodelpliia Medical News," Octolier 8, 1886).] 
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constant and normal product of tissne metamorpliosia. 
He has also obtained a slight iodofonn reaction from 
the blood of living and dead persons. The amount i 
the urine of a person in health is, howevei', probably 
not more than O'OIO grm. This may be increased iul 
diabetes mellitua, hydrophobia, carcinoma, and the bckJ 
called " acetonoimia." It Is found in relatively 
quantities in the distillate fi'om febrile urine, as a .1 
rule several decigrams; and the degree rather than I 
the kind of fever influences the amount. The best 
method to detect it is probably Lieben's: To a por^ 
tion of the distillate of urine add a small quantilyJ 
of liquor potassse, and then a few drops of a solution! 
of iodine and potassium iodide. A yellow precipitate 
will at once occur if acetone be present. The pres- 
ence of alcohol will delay the formation of the pre- , 
cipitate.* 

Jaksch has also found that the substance in many! 
urines which gives the Bordeaux-red with ferric chlo-p 
ride,t and which on warming gives acetone, is diaeetim 
acid, and that its occurrence in the mine in disease i 
a very serious complication. It has been noticed : 
mental diseases with excitement, with inanition and 
carcinoma, and especially in diabetes mellitns, although 
there seems to be no relation between the amount of _ 
sugar and diacetic acid eliminated. Sometimes a 8nd<9 




[* Baginskj found acetone ia normal urine of ahildrcD, and regarda tU 
presence as ititunatelf connected with protein waste. 

+ According to Le Nobil, formio aoid, often present in dinbetic nrinSiB 
gives a BimilBT reaction with ferric chloride ("American Journal of & 
oal Sciences," toI. xciii, p. 239).] 
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den diminution of glycoauria is succeeded by au in- 
crease in tlie amount of diacetic acid in the urine, coma, 
and death. He considers what is usually known as 
diabetic coma to be due to the presence in the blood 
not of acetone, but diacetic acid, and he proposes to 
substitute "coma diaceticum" for "diabetic coma" in 
all cases accompanied by diaceturia. It is not to be 
forgotten, however, that diabetic coma sometimes oc- 
curs without either aeetonuria or diaceturia. 

His method of detecting diacetic acid is this : Take 
a freshly voided sample of mine, and to a small por- 
tion add a few drops of a solution of ferric chloride. 
If the phosphates are precipitated, filter them off, and 
to the filtrate add a few more drops of ferric-chlo- 
ride solution. If a red color is produced, boil a por- 
tion of the urine, and to another portion add a few 
drops of sulphuric acid, and shake up with ether. If 
the red color appeal's but slightly, or not at all, in the 
boiled portion, and grows pale after twenty-four hours 
in the ethereal extract, and, furthermore, acetone is de- 
tected in considerable quantity in the distillate, we have 
to do with diacetic acid. 

As opposed to Jaksch's results, however, Frerichs * 

found that the introduction of acetone and aceto-acetic 

acid into the bodies of animals was followed by no bad 

effects, and that considerable quantities had to be given 

before the urine reacted for acetone; and K. Alber- 

inif very recently states that he finds acetone is not 

"Zeit. fQrklin. Med.," Bi5. VII., Siippi., 1883. 
t Quoted in " Boston Medical and Sargical JourDol," October 16, 1B85, 
" Jonmal of Chemicol Society at London," June, 188C.] 
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miiiriouB, and even in large doses only prodnces intos: 
cation. When given to healthy persona in doses largei 
than 3 c.c., it passes unchanged in the urine. Ethyl 
aceto-aeetate, or aceto-acetic acid, produces nothing like 
diabetic coma, but sometimes causes the urine to become 
albuminous. Oxybutyric acid, a Ifevagyrate body which 
reduces copper salts, is considered by some to be the real 
cause of diabetic coma. They claim it has been fre*l 
quently mistaken for diacetic acid in diabetic urine.]>j 

3. Leucine and Tyrosine. 

Leucine (C, Hjb NOj) and tyrosine (Cg Hu NOg) area 
the decomposition products of the albuminous bodies! 
and their derivatives. We find both these substances I 
in several glandular organs of the body, especially if! 
they have been subjected to certain pathological changes; 
for instance, in the liver, pancreas, and spleen. In urine 
these substances have as yet been noticed in any great i 
quantity only in acute atrophy of the liver and in a few I 
eases of phosphorus-poisoning. Small quantities are J 
observed in typhus and small-pox. 

K tlieae substances are present in great quantity in 1 
the urine (as is generally the case in acute atrophy of! 
the liver), the proof of this is very easy. We eitherl 
find the crystalline tyrosine already in the sediment, orl 
it separates together with the leucine if we evaporate! 
the urine on a water-bath to a small bulk. Sometimes I 
both bodies are found in such large amount in the urine 1 
that they almost supplant the urea. They are easily 1 
I'BCOgnized microscopically fi'om the evaporated urinetl 
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by the characteristic form of their ciystals. (PI. IV., 
A.) 

If these substances are not present in so large quan- 
that they separate by simple e\-aporation of the 
■ine, then we take a great bulk of the latter. If rich 
in bile pigments and albumen, the urine is treated with 
a solution of basic acetate of lead, filtered, and the fil- 
trate treated with hydrogen sulphide to remove the ex- 
cess of lead, filtered again, and the elenr filtrate evapo- 
rated on a watei'-bath to small bulk. If tyrosine ia 
present, it crystallizes beautifully after standing twenty- 
four hours. Leucine, which is much more soluble than 
tyrosine, appears much later. The urine must be aa 
fresh as possible to work upon. 

The presence of leucine and tyrosine in large amount 
indicates a considerable destruction of the proteine sub- 
stances. Albumen for the most part accompanies them. 
Often osymaudelic acid (Cs Ilg O4) also occurs — a sub- 
stance nowhere else observed, and which is perhaps a 
derivative of tyrosine. 

I Among the abnormal coloring matters, we are to dis- 
;uish between those which occur noi-mally in other 
fluids of the body, as the blood- and biie-coloring mat- 
ters, and those which are only found in the urine, as 
uroerythrine, and plant-coloring matters accidentally 
excreted by the same. 

XTroei-ythrine (^Ilarh'i/s urolinmiatine). In aU 
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febrile diseases the urine has a more or les3 dar^ 
reddish-yellow color (urina flammea), and an expert i 
able to diagnose in most cases a febrile state from the! 
urine alone. This color arises, according to Heller, from I 
uroerythrine (as well as from an increase of the normall 
coloring matters). If on cooling a deposit of urates! 
occurs, they are mostly rose-colored to dark red. On 
addition of lead acetate to clear urine, the precipitate 
appears flesh-colored or rose-red. Heller calls this red 
coloi'ing matter of the urine, which colors the brick- 1 
dust sediment and is also found in solution, uroery-l 
thrill e. 

This coloring matter should contain iron, but its con- \ 
stitution and mode of origin are unknown. It is possible I 
that in febrile processes, especially such as are accompa- \ 
nied by blood-dissolution (typhus, septic fever, etc.), t 
part of the blood-corpuscles by their retrogi-ade metarJ 
morphosis furnish the material for the formation of ther 
uroer3'thrine. 

The uroerythrine may be regaixied as an indicatioa 1 
of the breaking down of the blood-corpuscles in febrile I 



Uroeiythrine is recognized when present by the color I 
of the brick-dust sediment, or, if no sediment be present^ | 
by the color of the solution, in which if treated with I 
acetate-of-lead solution a rose-red or flesh-colored precipi- 1 
tate falls. Only a little of the lead solution should bo I 
added, so that the coloring matter shall not be disguised J 
by too much of the precipitate. If the urine contains | 
thfi blood-coloring matters, these must be first separated. 1 
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The foam of a urine containing much uroeiythrine may 
be yellow as in icterus ; "but with the latter the precipi- 
tate from the lead salt is also yellow. 

The eartliy phosphates which are thrown clown by 
heating the mine with KOH appear gray, while if the 
urine contains blood-coloring matters they are blood-red 
or dichroic. The absence of albumen in the urine, the 
gray color of the earthy phosphates, and the red pre- 
cipitate from lead salt, serve as points for the differen- 
tial diagnosis between uroerythrine and blood-coloriDg 
matters. 

Uroerythiine occurs in all febrile conditions, even 
in the lightest catan'h, but most abundantly in pyse- 
mia, liver affections, and lead colic, 

p. TJie Vegetable-coloring J/o/te?'s.— Many vegetable- 
coloring matters, especially chrysophanic acid (in rhu- 
barb and senna leaves), impart to alkaline urine a 
reddish-yellow to deep red-color. These are easily rec- 
ognized from the fact that on the addition of an acid 
the urine loses its color, which returns again upon addi- 
tion of an excess of ammonia. After heating with 
KOH, if a precipitate of earthy phosphate falls, it is 
often colored blood-red, so that one might be induced 
to believe there was blood-coloring matter in the urine. 

e precipitate never appears dichroic, but by long 

iosure to the air becomes violet.* 

The fact that the urine loses its color by addition 

[* SftntoniQ also imparts b bright yellow or Rreenish-yollow color to 

rine, which might induce one to think hlle-coloring matters present; but 

^e addition of ammooia imparts a red or pnrplish-red color in the former 

A similar roaotiun occurs with madder, gamboge, and 1obwoo<3.] 



ANALYSIS OF THE URINE. 



of an acid, and regains the red color upon addition 
of an excess of ammonia, and tliat it contains no albu- 
men, distinguishes this reaction from that of the blood- 
coloring matters and urocrythi'ine. It is of important 
for the physician to know this reaction, especially 
summer, when the urine is apt to have an alkaline 
action and the blood-red appearance to cause alarm. 

7. Blood-coloring Matters.— The appearance of blo( 
coloring matters in the urine may be from a doub] 
origin. They may have been excreted by the kidne; 
or may have arisen from the breaking down of bloi 
corpuscles in the urine. The color of this urine 
different according as hsemoglobine or methsemoglobine 
is present in the urine. 

From haemorrhage of the large veeeels the urind 
contains mostly hEemoglobine. By parenchymatous OT' 
capillary haemon-hage the urine almost always containa 
some methjemoglobine, which imparts to the fliiid 
brownish-red color. The reason that at one time haem< 
globine alone, and at another with methaemoglobi 
also, appears in the urine, may be due to the fact that 
with capillary haemorrhages, which occur in various 
kidney affections, the blood becomes more slowly and'. 
intimately mixed with the urine, and is held longer 
solution at the normal temperature of the body in tl 
organism. The temperature and carbonic acid of tl 
urine, as well as the lack of oxygen, furnish the esse] 
tial conditions for the change of hEemoglobine to methsB* 
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In order to prove the presence of the blood-colorinj 
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matters in the lU'ine, the bsemine test is uaefiil. The 
earthy phosphates are precipitated in a test-tube by 
adding KOH with slight warmiug. The earthy phos- 
phates carry the blood-color substances to the bottom 
of the tube, and consequently do not appeal- white as 
in normal urine, but blood-red. It' but a slight amount 
of blood-coloring matters is present in the urine, the 
precipitate will appear dichroic. 

If au alkaline urine is evacuated, and by heating 
with KOII no earthy phosphates are separated, from 
the fact that they have been already deposited, we may 
by addition of a few drops of the magnesium solution 
form an artificial precipitate in the KOH mixture, 
which ■will by warming bring down along with it the 
blood-color substances just as well as do the earthy 
phosphates. 

The precipitate containing the coloring matters of 
the blood should be filtered off and placed upon an 
object-glass, and wanned carefully until the phosphates 
are perfectly dry. Then the h^mine crystals can inmie- 
diately be separated. For this purpose a few grains of 
common salt (Na CI) are rubbed into the dried earthy 
phosphates containing the coloring matters ; the excess 
of salt is then blown off the object-glass, and a hair is 
laid across the residue. A glass cover is laid on, a drop 
of glacial acetic acid added, and the slide wanned until 
little bubbles begin to show themselves under the glaas 
cover. After cooling, crystals of hsemine can be seen 
under the microscope. Extreme care must be taken in 
this test, upon addition of XOH to the urine, to warm 
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but slightly and filter rapidly, to avoid farther decom-^ 
poaition of the blood-coloring matter. When the glacial-J 
acetic acid is added, gas babbles form before heatiDg,J 
which are simply carbonic-acid gas. These are' allowed! 
to pass away, and then we heat to the bubble forma- 
tion spoken of above, i. e., to the boiling point of acetic 
acid. The hiemiiie crystals obtained in this way often ■ 
appear small and imperfectly crystallized, but with aJ 
high objective they are easily recognized. (PI. V., A, ] 
1, and Hofoianu, 1. c, 295.) 

This can be done in another way as follows: Render^ 
the urine alkaline with NaOH, add tannic-acid solution, -I 
and then acetic acid. The washed and dried precipitate J 
is treated for hsemine. 

Fur the proof of blood-coloring matters in urin^ 
separate the albumen by heat and coagulation, colleotf 
the brown coagulum on a filter, dry, and extract witKl 
alcohol containing some sulphuric acid. Permit thej 
alcohol to evaporate. From the residue Teichmann'a?! 
crystals of hsemine may be separated as above de-fl 
scribed. (See Appendix D.) 

If a spectroscope ia at hand, it is very satisfactory f cs 
the proof of the blood-coloring matters. The urine' 
should be diluted and put into a large test-tube, and 
held between the slit and a petroleum lamp. (" Speo- 
tralbild des Methremoglobin," K. B. Hofmann, L c, 277,1 
erste Abbddung, Nr. II.) 

The so-called hsematinuria (the passage of blooil 
coloring matters into the urine) occurs with constitt 
tional diseases, such as scurvy, purpura, scarlatina, etc 
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It is hardly necessary to add that after transfusion of 
blood, after intalatiou of hydrogen arsenide, and also 
with true hsematuria, soluble blood-coloring matters are 
mixed with the urine. 

[Melanin has been met with in the urine of persons 
suffering from melanotic tumors and after repeated at- 
tacks of ague. Melanin deposits in the urine in minute 
lumpy granules, which are soluble in liquor potassai 
and its alkaline solution, is decolorized by passing a 
Btream of chlorine through it. Its solubility in liquor 
potassBB distinguishes it (Ealfe) from carbon granules, 
coal dust, or soot, sometimes accidentally mixed with 
urine.] 

5. £ iUary-coloring Matters. — Under certain condi- 
tions the coloring matters of the bile may be mixed 
with the urine. The urine more frequently contains 
biliprasine than bilirubine, but not seldom other oxida- 
tion products. If unchanged bilirubine is present in 
the urine, by a simple test we obtain a beautifully 
characteristic color-reaction. If biliprasine is present, 
, by the same test we only have a green color. If the 
[ biliary-coloring matters are further changed, the test 
l entirely fails. 

1. GmelifUs Test — Into a small teatbeaker contain- 
Fing the icteric urine we pour a sub-layer (in the same 
flnanner as we perform the test for albumen, by pouring 
ft the acid slowly down the. side of the glass) of strong 
f nitric acid, containing a little yellow fuming nitric acid 
[ (HNOg-j-NO;). In the zone between the fluids there 
I txjcurfrom below upward the colors green, blue, violet, 
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red, and yellow. The green is predominant, whereas 
the blue often does not appear. This test can also "be 
made by adding weaker HNOj to the iirine in a beaker, 
and then pouring under this mixture a layer of concen- 
trated HjSO^ 

2. HeUer'a Test. — Pour into a small beaker-glaas i 
about 6 C.C. of pure HCl, and drop the urine into it 
until the acid is distinctly colored. Stir this, and 
beneath the mixture pour a layer of pure HNO,. In 
the intermediate zone there occurs a beautiful iiides- 
cence. If we now stir with a glass rod, the entii'e mix- 
ture shows the color-changes successively iu the same \ 
order as they had been previously observed between the ' 
fluids. This may best be aeeu by transmitted light, i 
This test is very delicate, easily applicable, and suffices 
for most cases of urinary investigation. 

To detect the presence of but a small quantity of i 
biliary coloring matters, 100 c.c. of urine must be gently I 
agitated with 10 c.c. of chloroform in a flask, until the I 
chloroform is colored yellow. Strong shaking is to be 
avoided, so that the chloroform will not break up into 
small drops, which will not again resolve themaelvea j 
into a clear fluid. By closing the tube with the thumb 
and inverting the flask, it is easy to pour ofi" about 1 cc, ] 
of the colored chloroform into a test-tube containing 10 I 
C.C. of pure HCl, when the yellow chloroform dropswiUJ 
sink as a colorless fluid to the bottom. If now with ] 
slight movement we add a little HNO3, the chlorofo/m j 
at the bottom of the fluid will go through all the speo- | 
tral color-changes which are shown in Gmelin's test. 
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For the reason that the chaQges take place very slowly, 
and because acids work but slowly upon biliary coloring 
matters dissolved in chloroform, thia reaction is especially 
good for demonstrating the biliary color scale. 

In all reactions upon the unchanged coloring matters 
of the bile, the green color is characterietlc. If this is 
not recognized, we can not be sure concerning the pres- 
ence of these coloring matters. Urine rich in indican 
gives also with Heller's test a play of blue, violet, and 
dirty reddish-yeUow. The characteristic green of the 
bUe matters is, however, not perceived when only indican 
is present. 

If we test for albumen by pouring under the urine a 
layer of HNOg in a wine-glass, we see, when the un- 
changed bile-coloring matters are present, a green band 
between the fluids. If albumen also is present, its zone 
is colored green from the biliary coloring matters. 
Urine rich in indican may mislead aa to the biliary 
color-reaction. There appears in the same position 
between the fluids an indigo-blue color, which in re- 
flected light may be easily mistaken for green. In such 
doubtful cases the biliary matters are to be isolated, as 
before mentioned, by chloroform and proved by Heller's 
test ; or the urine may be treated with lead solution, 
and the filtrate tested for indican. 

3. UltzmanrCs Test. — ^This test simply shows the 
characteristic green color with distinctness and cer- 
tainty. We add to 10 c,a of urine 3 or 4 c.c. of a pure 
KOH solution (1 part of caustic potash to 3 of water is 
essential), then shake and add an excess of pure HCl. 
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The mixture now assumes a beautiful emeralcl-gTeen 
color.* 

In icteric urine the precipitated eai"tliy phosphates 
are colored brown by the biliary coloriug matters. 

The presence of altered biliary colonng matters 
(bilifuscine), i. e., such as no longer give the reactiona 
of Gmelin's and Heller's tests, may be ascertained as 
follows: A clean white lineu cloth (or filter-paper) is 
dipped into the urine and allowed to dry ; the linen 
appears colored brown. The presence in the urine of 
altered biliary coloring matter causes also a very dark 
HjSO^ reaction : the urine does not appear garnet-red, 
but almost black. A similar reaction occurs in the 
presence of sugar and blood-coloring matters. 

Finally, if the urine is warmed with KOH and the 
earthy phosphates fall, the urine is colored much darker 
than before the heating, and the precipitate of phos- 
phates is colored brown. 

Biliary coloring matters are found in the urine in 
various pathological processes of the liver, whether 
or not there exists an icteric coloring of the skin. 
Thus icterus can be prognosed one or more days in 
advance by the appearance of the urine. Further, 
these coloiing mattei*s are always present in phos- 
phorus-poisoning. 

[M. Neucki and N. Lieber + have observed a new 

[♦ MareehaU't Teit depends npon the production of an emerald-green 
color when to an icteric urine are uarefull; iidiled a fuw drops uf tinotnro 
of iodine, or a solution of bromine may be used inatead of iodine (Laaohe, 
" Harn-Analyae," p. 126). 

t "Jour, far praktische Oheraio," 1883, Nob. 17, 18.] 
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coloring matter, which they propose to name uro-rosein. 
They first obtained it from a patient suffering from a 
ivere form of diabetes mellitua, but afterward failed to 
id it in four other cases of the same disease, but have 
let with it in about ten per cent, of all pathological 
irines examined by them. Tliey considei- the reddish 
lor produced by the addition of 5-10 c.c. of a twenty- 
Ive per cent, solution of sulphuric or hydj'ochloric acid 
50—100 CO, urine as indicative of its presence. The 
ibstance seems to exist in the form of a sulpho-acid, 
id to re9emV)le the rosaniline colors. Its other chemi- 
cal propei'ties and its spectroscopic ai)pearance ai'e de- 
tailed in their article, 

Neusser* has observed, in a case of chronic pleu- 
, a substance which he regards as hasmatoporphyrin, 
;0r a body nearly akin to it. The urine was blood-red 
in color, acid in reaction, and contained no albumen. 
The chemical reaction and spectroscopic appearance are 
given in the article. 

P. P169Z thinks he has detectecl, in the urine of a 
case each of cysto-pyelitis with parenchymatous nephri- 
tis and chronic peritonitis with effusion, a substance, 
perhaps identical with the scatol derivative, which 
Brieger found in the urine of rabbits. The peculiarity 
of the urine was that, on exposure to the air, it became 
greenish -brown from the surface downward, and this 
coloration disappeared on exclusion of the air. When 
the urine was exposed in thin layers to the air it took 

[• Abstract in " ZuitachrKt fllr analyt. Cbemie," 1882, p. 476.] 
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on a reddist color, which was constant. For other par- 
ticulars regarding it, see P168z article (" Zeitachrift fiir 
phya. Chemie," Vol. VI., pp. 504-507).] 



5. Tlie Bile Adda. 



The bile acids appear very Beldom in the urine, ani 
when found exist in extremely small quantity. In 
icterus they are rarely found, although the biliary color- 
ing matters are present in large amount. In parenchy- 
matous affections of the liver, on the contrary, which 
are followed by a rapid destruction of that organ, the 
bile acids are undoubtedly present, but in very small 
amount even then. 

It must be accepted that in these eases so much of 
the bile acids are formed that, the blood being unable to 
assimilate them, some are excreted unchanged. 

Sometimes it happens that we are able to prove the 
presence of the bUe acids by Strassburgers' method, as 
follows : Dissolve some cane sugar in the urine to be 
tested, dip in a piece of filter paper, and permit it to 
dry. If now we touch the paper with a glass rod 
dipped in HgS04 (free from HNOg), we perceive a pur- 
ple-violet stripe (a red or reddish brown color is not 
decisive). 

Usually the bile acids must be isolated from a great 
amount of urine and proved by Pettenkofer's test. 
The method of procedure is very complicated. About 
500 c.c. of urine are evaporated on a water-bath to dry- 
ness, and the residue extracted with alcohol. This soli 
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ion ig again evaporated, and the residue again taken «p 
with absolnte alcohol. The alcoholic solution is again 
evaporated, and the residue dissolved in a little water, 
and treated with lead-acetate solution, avoiding an ex- 
cess ; the precipitate ia collected, washed, and diied on 
filter paper. The bUJary lead salts are then extracted 
with boiling alcohoL The solution after treating with 
'bonate of sodium is evaporated, and the sodium 
liliary salts thus formed extracted with absolute alco- 
hol. This is now evaporated, and to the very highly 
concentrated aqueous solution of the residue we apply 
Pettenkofer's test, which depends upon the fact that 
when the watery solution of all biliary acids ia treated 
with a few drops of a concentrated cane-sugar solution, 
id after that with a few drops of concentrated HaSO,, 
le solution is colored purple-violet, if we take care that 
le mixture is not heated above 50° C. It is a good 
ilan to place the dish or test-tube in cold water before 
the addition of the HaSO^ ; for otherwise the sugar may 
be carbonized by the H2SO4 and a blackish-brown solu- 
tion ensues. 

The merest trace of these acids may be discovered 
by Neubauer's modification of this. A few drops of the 
solution to be analyzed are evaporated to dryness in a 
porcelain dish over a water-bath. Add now a drop of 
cane-sugar solution (1 grm. sugar to 500 c.c. water), 
id as much concentrated HjSO^ ; warm them on a 
water-bath until the edge shows a violet color, then 
remove, and the reaction goes on. 

A large number of other substances, as amyl, al- 
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cohol, albumen, and oleic acid, give similar reactions. 
The spectroscope shows, however, an essential diflFer- 
enee, (S. Hofmann, 1. c, 195,) 

[The practitioner who has had much esperience 
with our present methods of testing for bile acids will, 
no doubt, welcome a more simple and satisfactory test 
for their presence. Such a one seems to have been de- 
vised by Dr. George Oliver.* To detect the presence 
of these substaueea, he utilizes the physiological fact 
that the products of gastric digestion (peptone and pro- 
peptone) are precipitated along the lining of the duode- 
num, by the action of the bile acids on the acid diges- 
tive fluid. Since albumen and peptone in an acid solu- 
tion (as in the urine) are precipitated by the bile acids 
or their derivative — cholate of sodium — obviously an 
acid solution of them (of the two, better peptone) 
may be used as a test for the bile acids. Hence Dr, 
Oliver has devised the following test-solution, which 
is antiseptic : 

Pulverized peptone (Saveiy and Moore), gr, -k-x-x. 

Salicylic acid g^, iv. 

Acetic acid tiixxz. 

Distilled water to f 5 viij. 

To be filtered repeatedly until transparent. 
To apply the test, the urine must be rendered pi 
fectly clear, by boiling or filtration if necessary, and 
rendered acid if alkaline; and the specific gravity re- 
duced to 1008 if above it. Then to 60 minims of test- 

[* "Lanoet," March 7, 18SB, etteg., and "Bedflide Urino-Testing," third 
editioEL] 
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fluid 20 minims of urine mixture are added. If bile 
salts are present in subnormal or normal quantity, there 
is no immediate reaction, but in a little Avliile a slight 
tinge of milkiness is produced. If they are present in 
abnormal amount, a distinct milkiness promptly ap- 
pears, becoming more intense in a moment or so, the 
degree of opacity being proportionate to the amount 
present. On agitation the opalescence diminishes, and 
may disappear, but reappears on the addition of more re- 
agent. On this fact he bases a rough quantitative test, 
for which he prepares a standard solution by adding 
equal parts of test-fluid and normal urine mixture of 
speciflc gravity 1008. Any urine requiring 60 minims 
or more to bring its opacity up to that of the standard 
does not contain an excess of bile acids. He has pre- 
pared a standard table as follows : 



INCREASE OF PERCENTAGE. 
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An increase over 700 per cent, is rarely found : 
urine. 

This test is so delicate that Dr. Oliver detects 1 
part of bile salts in 18,000 to 20,000 parts of a solution 
of sodium cHloride. He has also a peptone test-pa] 
with those for sugar and albumen. 

The precipitate caused by the bile acids differs from 
all others produced with this recent in dissolving on 
the addition of a drop or so of acetic acid, and by 
diminishing, but not disappearing entirely, on boiling. 
If his directions as to the preparation of the urine are 
carried out, nothing he has yet found in the urine in- 
terferes with this test. He finds the bile acids excreted 
in increased quantity in normal urine during fasting 
and after exercise, and in pathological urine in jaun- 
dice, fever, functional diseases of the liver (acnte and 
chronic biliousness), organic disease of the same (car- 
cinoma, enlargements generally, cirrhosis, and amyloids 
degeneration), and hsemolytic disease (simple and 
larial aniemia and splenic leucocythemia).] 

Sometimes, besides the above-mentioned substances, 
also appear allantoin, especially after use of tannic acid, 
lactic, acetic, and butyric acids, with acid fermentation, 
benzoic acid in fetid urine, and sometimes also fat and 
soap. ■ 

6. Carbonate of Ammonium. ^ 

All the ammonium carbonate, (NHi)i,COj, which is 
found in the urine arises from the breaking down oS. 
the urea. Urea is carbamide — 
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By taking up water, urea is changed into carbonate of 
ammonium — 

( NH., ( O.NH, 

CO-^ +2H,0 = C0^ "~ 

( NH3 ( O.NH, 



This trausformation of urea into (NH4)3C03 ia the 
explanation of the generation of ammonia by the 
changes of the mine tlirougb decomposition under some 
circumstances in the bladder. A body adheiiag to 
the mucous membrane of the bladder acts as a ferment 
under certain conditions. This la especially the ease in 
bladder catarrh. We find that in moat bladder affec- 
tions the urine possesses an alkaline reaction. The 
catarrhal secretion from the pelvis of the kidney does 
not appear to give lise to an alkaline fermentation of 
the mine, except in very advanced stages. We conse- 
quently find that in pyelitis, in contradistinction to 
bladder catarrh, the urine almost always has an acid 
reaction. If we take two equal parts of fi'esh normal 
urine and add to one the sediment from a freshly-passed 
pyelitic urine, and to the other the sediment from a 
freshly-passed cystitic urine, and allow them to stand, 
at first we observe an acid reaction in both urines ; but 
after a short time the urine mixed with bladder secre- 
tion begins to lose its acid reaction, and in two or three 
flours will have become distinctly alkaline, while the 
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urine with the pyelitic secretion still possesses an acia 
reaction, aud does not become alkaline usually until 
twelve to twenty-four hours afterward. 

Carbonate of ammonium appears in the secontl 
stage of acute exudative processes as the so-called i 
sorption urine, which may be regarded as a favorably 
symptom. 

Carbonate of ammonium may be recognized by i 
odor. Urine containing this shows generally an alka-l 
line reaction. Since, however, the alkaline reaction 
may be caused by one of the fixed alkalies, aa carbonate 
of sodium, which may have been taken internally, and 
we are in doubt as to the origin of the alkalinity \ 
the urine, we may apply the following test : 

Pour into a flask of 100 c.c. capacity 15 to S 
the urine to be analyzed, and close the flask with a cor^ 
through which is passed a glass tube the thickness of i 
lead pencil. Into this introduce a strip of moistene< 
litmus paper, and gently warm the flask on a water-bath^ 
If ammonia is present, it will be drawn off with tin 
steam, and the red litmus paper will be colored blue. 
In this way we are able to recognize a very small quan* 
tity of ammonia in the urine. Care must be taken that 
the urine _ does not boil, for then the urea would be 
decomposed and ammonium carbonate would be fonnet 
Carbonate of ammonium is present — 

(1.) Usually with the various bladder affections. 

(2.) In the second stags of acute exudative procef 
(resorption urine). 

According to Heller, ammonium carbonate is presenl^l 



THE URINE. 143 

also in spinal affections and in severe typhus, tlie mine 
posseasing an acid reaction. 

I Sometimes we find in albuminous urine, especially 
h bladder catan'h, wbere a great amount of pus is 
produced, sulphuretted hydi'ogen (HaS). It is formed 
from the decomposition of the albuminous bodies within 
the bladder. Although this may be recognized by its 
odor alone, it can be proved chemically by the same 
means above described for the detection of carbonate of 
ammonium. Instead of the litmus paper that we em- 
ployed above we must substitute a strip of white filter 
paper moistened with a drop of a solution of lead or sil- 
ver salts. Upon the addition of the slightest heat the 
HjS escapes and colors the white paper in the tube 
black-brown. These urines are betrayed by coloring 
silver catheters black. 
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ly accidental constituents of the urine we under- 
id those bodies which are exceptionally taken into 
the organism and evacuated by the urine. 

Many substances undergo no essential change in the 
oi^anism, including most inorganic compounds, also 
many organic (succinic acid, chloroform, quinine, phe- 
nol, etc.). 

After continued use of the heavy metals and their 
and also after continued emi^loyment in contact 



144 



ANALYSIS OF TEE UBINE. 



^ 



with them (as color-workers, potters, etc.), antimony, 
arsenic, copper, zinc, gold, silver, tin, lead, bismuth, and 
mercury have been found in the urine, 

The alkali salts taken internally appear m the urine 
— the alkali carbonates, ammonium salts, chlorates, 
borates, and silicates of the alkalies, feiTo- and ferri- I 
cyanide of potassium, potassium cyanide and iodide, etc. ' 
Sulphur-hepai" is excreted as a sulphate. Calcium and 
magnesium salts pass in but very small amount into the 
urine. 

The mineral acids (sulphuric, nitric, phosphoric, etc.) 
become for the most part excreted as the eon-esponding I 
alkali salts. Only carbonic acid occurs free to any great 
extent in the mine. 

The metallic bases, which exist in but minute quan- ■, 
tity in the urine, may be separated by the usual quan- 
titative analysis or by electrolysis. Arsenic may usually 
be detected by treating the urine with HjS gas and 
appljdng Marsh's teat to the precipitate. 

Many compounds, especially organic, undergo an. | 
important change in the organism. The aromatic acids, I 
for example, are excreted as glycocol combinations, just J 
as benzoic acid is excreted by the urine as hippuric, and I 
salicylic as salicyluric acid. 

The alkaline carbonates are found in the urine — 

(1.) After their internal exhibition. 

(2.) After use of sodium mineral waters. 

(3.) After a plentiful fruit diet, as the ealta of 
vegetable acid are easily changed in the organism to 
cai'bonatea. 
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In tliese caaes the reaction of the urine is alkaline. 
Whether this alkalinity ia due to the breaking up of the 
urea, or haa its origin from the fixed salts, we may- 
determine by methods given on p. 48. 

We may also pour 10 c.c. of urine into a porcelain 
dish, and evaporate the same to dryness, dissolving the 
residue in a few drops of water. If this residue gives 
a strongly alkaline reaction, it is due to the presence of 
the fixed alkalies in the urine. If the residue gives an 
acid reaction while the fresh urine has an alkaline reac- 
tion, the alkalinity is due to (NH4)iC0b, which is de- 
composed by evaporation. If we suspect the presence 
of other alkali carbonates, as well as the unstable am- 
monium carbonate, we roust first teat for the (NIl4)jC0a 
in a flask as before described, and then test for the others 
in a porcelain dish. 

Iodine is very easily detected. If we add to a little 
urine in a test-tnbe some carbon diaulphide (CSj), and 
drop in bromine water or a small amoimt of fuming 
nitric acid, and after the addition of each di-op close the 
it-tube with the thumb and invert, the violet color 

the carbon diaulphide (or chloroform) indicates the 
presence of iodine. 

We may also add to the urine thin starch paste and 
then a drop of HNOs. A blue or bluish-black color 
indicates the presence of iodine. Often, with Heller's 
test for albumen, iodine crystaUizea- out, partly on the 
of the glass at the border of the albumen zone, and 
y on the bottom of the vessel. 

Salicylic acid may be recognized by the violet color 
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the urine assumes upon addition of ferric cliloride.1 
This ia beat recognized as follows : We add to 1 c.&9 
of a concentrated ferric-chloride solution in a test-tube| 
10 cc. of urine, and note the reaction. A similar rea( 
tion occurs, however, in many diabetic ui'iaes. (Seel 
p. 120.) 



D. THE SEDIMENT. 



Urme fermentation. 

Normal urine is clear when passed. After stand- j 
ing there forms on the bottom or lower half of thftl 
urine the so-called nubecula, a slight cloud of bladdeff I 
mucus, which is easily distinguished if we hold thftg 
glass vessel against a dark background, as the sleevft I 
of the coat, especially when in the mucus-cloud epi- 1 
thelium, bacteria, or the delicately precipitated urates | 



A healthy urine, if kept in a perfectly clean ' 
sel exposed to the air (but better if air is excluded)^! 
will remain in this condition a long time (weeks or I 
months). 

Often there takes place in the urine a change knownj 
as acid fermentation. 

The urine, besides the urate, contains the acid I 
phosphate of sodium. If, now, this salt of phosphoric I 
acid acts upon the sodium urate so that it extractsJ 
one part of the sodium, there results an acid 
of uric acid, which is difficultly soluble and falls i 
the bottom as a reddish-yellow or clay powder, This^ 
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happens especially at a low temperature, but at a high 
temperatui'e the decomposition process goes even far- 
ther; the uric-acid salt is deprived of all its base 
(sodium), and the almost insoluble uric acid sepa^ 
rates in beautifiil distinct crystals, which are more 
or less brick -red or dark brown, and fall to the 
bottom as a granular powder, a part sticking to the 
side of the vessel and part floating on the surface. Some- 
times the uric-acid crystals are mixed with the amor- 
phous powder of the undecomposed urates — sediinentum 
lateritiimi. 

While this process is going on no free acid is 
formed, aa testing will prove. With the urine sedi- 
ment in most cases more or less small or great crystals 
of calcium oxalate are mixed (PI. III., A). A part of 
the uric acid is in the organism transformed to oxaluric 
acid, which by long standing and exposure to air be- 
comes oxidized in the urine to oxalic acid, which ap- 
pears in the sediment as calcium oxalate. (This pro- 
cess, as may be understood, does not deserve the name 
of fermentation, though in a few cases a true fermenta- 
tion appears, with formation of acetic acid.) 

When the decomposition of the phosphates and 
urates is ended, there follows after a short time a new 
process. The urine becomes paler ; the crystals of uric 
acid have disappeared ; the acid reaction changes first 
to neutral, then to alkaliue ; the urine gives off a 
strongly ammoniacal odor, becomes more and more 
turbid, and a whitish sediment falls, which no longer 
consists of urates, but of the phosphates of the alkaline 
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earths. By means of the microscope we find that this 
turbidity is not caused simply by the finely powdered 
suspended phosphates, but also by a multitude o^ 
partly quiet and partly ever-moving bacteiia. ThiiB 
process is the characteristic or alkaline fermentation i 
the urine (PI. IV., B). It is based upon the destructi>9 
bility of urea by a peculiar ferment discovered by Mm 
cuius (Hofmann, 1. c, 400). 

Musculus recommends a paper saturated with tlu 
ferment as a very sensitive reactive for urea. Thg 
ttiicli-flowing alkaline mine as it comes from bladd^ 
catarrh is filtered ; the filter paper which was used i 
washed with distilled water until it has no longer i 
alkaline reaction, dried, and colored with turmeric, 
urea itself does not react on turmeric, but the ure: 
decomposed by the absorbed feraieut, and the paper i 
colored brown by the resulting ammonium carbonate. 

Ammonia can combine with uric acid as urate o^ 
ammonia, which appears crystallized as single or doubl( 
spheres with a smooth or thorny surface. If the i 
monia formation goes on, then a part of the ammonia 
joins with the phosphate of magnesia and forms bean? 
tiful ci-ystals of triple phosphate. Tlie phosphate of' 
calcium dissolved in acid fluid falls to the bottom in an 
alkaline solution. The sediment then of the alkaline 
urine consists of an amorphous mass of phosphate of 
calcium, together with crystals of triple phosphate;. 
at the beginning of the process also urate of ammo] 



Blood and pus mixed with urine, as well 




cleansed vessels which have contained fermented urine, 
cauSe rapid decomposition of the same without having 
previously passed through the so-called acid fermenta- 
tion. Bacteria accompany this process, and well-devel- 
oped mold can be observed on the surface of the urine 
after it has stood for a time, especially on a hot day. 

^K Classification of the Sediment. 

As long as the formed constituents of the urine are 
distributed throughout the fluid they produce turhidity 
of the same; as soon as they sink to the bottom they 
form the sediment or precipitate. Precipitation occurs 
in different urines with various degrees of rapidity : 
faster in thin than in thick albuminous ui-ines ; more 
quickly if the materials are heavy solids, such aa crys- 
tals of uric acid or the urates ; more slowly if they 
are light, as epithelium and delicate hyaline cylinders. 
The constituents of the sediment are either excreted in 
their present state from the bladder and only need to 
settle, or they may have had their origin in the evacu- 
ated urine. 

The elements of which the sediment is composed 
are either organized forms — and these appear as well 
in acid as (somewhat changed) in alkaline urine — or 
unorganized, partly amorjihous, pai'tly crystalline forms, 
some of which ai'e found in acid and others in alkaline 
urine. 

Accordingly, we may classify all the sediments as 
follows : 
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SEDIMENTS. 

I. From add urine. IT. Fro 



A. NOT OEQANIZED. 



Amorphot 



1. Urates of sodium and 1, Calcium plioepliate. 

potassium. 

2. Fat 2. Calcium carbonate. 



b. CryHtallme : 



1. Uric acid, 

2. Calcium oxalate. 

3. Cystine. 

4. Tyroaine. 



1. Ammonium urate. 

2. Triple phosphate. 

3. Calcium phosphate. 

4. Magnesium phosphate. | 



B. OBGANIZED. 

1. Mucus- and pus-corpuscles, 
3. Blood-corpuscles, 

3. Epithelium from the various tracts of the urinaryl 

apparatus. 

4. Cylinders (or casts) and fibrine coagula, 

5. Spermatozoa. 

6. Carcinomatous tissue. 
-7, Entozoa. 
8, Fungi. 

These constituents will be considered according to I 
their form and the frequency of their occurrence. 
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Sedim&nt. 



Uric acid ia combLned in the urine witli sodium and 
potassium, and forms in the sediment salts of varying 
composition ; for by a loss of part of the base (as we 
have described in the so-called acid fermentation) an 
acid salt arises, which is difficultly soluble and always 
tends to precipitate. 

The urates are more soluble in warm water than in 
cold, and the neutral salts are more soluble than the 
acid. Therefore it follows that the urates are most 
easily precipitated, if we add a strong acid which will 
deprive the neutral salts of part of their base, forming 
acid salts which are so difficult to dissolve. These 
become more easily precipitable the colder the fluid and 
the less the bulk of the urine. The formation of the 
nrate sediment is favored by the three following con- 
ditions : 

1, Moderate acidity of the uritie (by too strong acid 
reaction uric acid is precipitated), or the action of acid 
mineral salts (the so-called acid fennentation). 

2, Concentration of the tirine, whether it be by 
addition of uric acid or by deprivation of water. 

3, Cooling of the wine, which condition may occur 
in the evacuated mine or in the dead body. 

The neutral alkali urates form an amorphous pow- 
der, which from the accompanying coloring matters 
appears yellowish, grayish-brown, or rose-red to brick- 
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red (sedirnentum lateritiuni). Under the microgcop 
they have the appearance of fine granules joined to*:l 
gether, resembling moss in structui'e. (PL V., B.) 

If there are strips of mucus on the object-glass withi 
these granules imbedded, the beginner is liable to mis-J 
take them for granular casts. They may be distin-J 
guished by a less sharp contour, a less bodily consistenee^J 
and especially by the reaction of gentle heat. 

The sediment of urates disappears by application c 
heat. Should a residue remain, it is prttved to be pure:! 
uric acid. Upon addition of some alkali (KOH orJ 
Na OH) and heat this also disappears. 

From this peculiarity of the urates they are distin. 
guished from pus and the phosphates. The phosphate 
can not be observed, however, if the urine is acid. 
weakly alkaline urine, especially when made alkaline hjM 
KOH, on application of heat the phosphates precipi-i 
tate. 

If the urine contains pus, it will not clear up by 
heating, but on the contrary the coagulated albumen 
renders it more turbid. (The alkalies prevent this j 
coagulation.) 

Finally, we may also test the dried sediment 
means of the murexide test (p. 57), or prove the \ 
ence of urates by a pretty microchemical test, as follows^ 
Add upon an object-glass to the spread-out urates a c 
of hydrochloric acid, and in a short time observe thflj 
crystals of uric acid form in the field of the microscope. J 

Sometimes we observe in the urine which has under] 
gone the so-called acid fermentation, and is about 1 
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p^a over into the alkaline, that the partly dissolved 
ciyatals of uric acid are set upon the prismatic crystals 
of acid sodium urate. 

A rare precipitate of crystalline acid urate of so- 
dium is observed sometimes in the strongly acid urine 
of children, the needle-like crystals being arranged in 
"oups resembling sheaves of wheat. 



2. Urate of An, 



^^P The acid ammonium m'ate is the only urate which is 

^ibund in alkaline mine in connection with amorphous 

calcium phosphate and the triple phosphate crystals. 

Ammonium urate forms brown-colored spheres, which 
may develop singly or as double spheres, or which may 
exhibit a conglomeration of kidney-formed surfaces. 
The surfaces of such forms are smooth, or are studded 
with shai-p points, resembling thorn-apples. The pro- 
longations may be long, branching, and bent, thereby 
forming a multitude of similar shapes (turnips, spiders, 
many-rooted teeth, etc.). (PL IV., B.) These forms 
are so characteristic that the observer after using the 
microscope remains no longer in doubt as to the nature 
of the sediment. 

The quantity generally admits of a few microchemi- 
cal tests. 

If a drop of HCl is allowed to flow under the glass 
cover, the original bodies disappear, and after a short 
time we see the very small rhombic crystals of pure uric 
formed. If KOH is added instead of HCl, we 
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observe the formation of bubbles from the liberated 
ammonia. The m-ate of ammonia gives like the others ■ i 
the murexide teat (p. 57). 



3, Vric Acid. 

The appearance of uric acid in the urine is in part 
dependent u])on the same circumstances as the urates. 
Normally we fitid crystals of uric acid at the end of the 
so-called acid fermentation, also in concentrated urine, 
especially on summer days, when the higher temperature 
prevents the deposition of the urates. Finally, a patho- 
logical excess is found in those cases where the water 
and the alkalies do not suffice to retain it in solution. 

The primary form of uric-acid crystals is that of 
rhombic plates with blunt rounded corners. This shape 
is known as the whetstone crystal. The crystals may 
be small and singly developed. Sometimes rows of 
these crystals are deposited on accidental impurities, as 
threads or hairs, and thus form long cylinders. In other 
cases the single crystals are developed and joined to for- 
eign, matters, where they ai'e arranged upon the edges 
(fan-shaped) or upon the faces (as tUes). Besides the 
whetstone crystals, we often find tub-shaped or long 
pointed crystals joined together in a rosette. (PI. XL, B.) 

The rough and pointed forms of uric acid have a 
great practical significance, inasmuch as they are almost 
always an accompaniment of renal calculi.* 

These forms occur only in strongly acid urine. If 

* Ultzmann, "Ueber Hamstflinbildung," in "Wiener Klinik," 1875, 6. 
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tbe acid urine is neutralized by tlie internal administra- 
tion of fixed alkalies, tlie forms of the crystals are 
changed, the pointed forms becoming the noiToal whet- 
stone-shaped crystals. 

The rough and pointed forms of the crystals occur 
in the urine sediment of pyelitis calculosa, and are fre- 
quently accompanied by albuminuria (hyperaemia of the 
kidney) and hjematuria. We also find these forms pres- 
ent without pyelitis or albuminuria. When this is the 
case, micturition is sometimes painful. In every case 
the uric acid is coloied light yellow, brown-red, or dark 
brown by the aceompanpng coloring matters. 

The crystals are generally formed so large that they 
appear on the bottom of the vessel as a glistening brick- 
red sand, which may often be seen by the unaided eye. 

This sediment dissolves on heating with caustic 
alkali ; pai-tly because some urates are formed, while 
the remainder of the acid is deoxidized. The sediment 
gives finally a beautiful mureside reaction. 

t 4. Calcium Oxalate. 

^b Oxalic acid has a strong affinity for calcium. Since 
calcium salts are present in the urine, the oxalic acid 
which is excreted by the kidney or forms in the urine 
is observed in combiQation an calcium oxalate. These 
crystals result, as already mentioned, from the acid fer- 
mentation together with uric acid. The shape of the 
calcium oxalate is very chai'acteristic. The crystals are 
generally quadrilateral octahedrons which have a strong 
refractive power. Sometimes they appear as small but 
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distinctly angular dots, and sometimes as rectangular | 
plates whose angles are joined by diagonal lines, causing! 
tile envelope appearance. Some appear oblique. Be-J 
sides these principal forms, we sometimes observe dumb-il 
bell crystals. (PL III., A.) Aa these crystals have a I 
low specific gravity, they appear only after a long time I 
in the sediment — from twelve to twenty-four hours; J 
after this time has elapsed we must carefully decanti 
and look for the small four-cornered dots. 

The characteristic form of the crystals admits of no*] 
confusion. The only crystals with which they may be ] 
confounded are the triple phosphate. In the first j 
place, however, the calciura-oxalate crystals are never aa 
large. Secondly, calcium oxalate occui'S in acid urine, j 
triple phosphate appears in neutral or alkaline. Final- K 
ly, acetic acid dissolves the triple phosphates, but has 
no action on the calcium oxalate. 



Cystine forms regular hezagonal tables of varying 
size. These occur singly, or we find a large plate at 
the bottom, and smaller and smaller plates as the series 
ascends; we also observe a shingle-like series. Some- 
times a large crystal breaks, showing the hexagonal: 
cleavage to be still preserved. Small, imperfectly devel- 
oped crystals form irregular lumps. Often the comers 
of the plates are rounded as if melted off. The crystals 
are always colorless, (PL VI., A.) These crystals can. 
only be confounded with a pure, colorless, rarely occuT' 
ring form of uric acid. This similarity is observed when. 
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tlie cystine la precipitated by acetic acid ; for, when uric 
acid ia precipitated in the eanae manner, the forms ai"e 
similar six-sided plates, hut generally not as regular. 

In order to ascertain if our crystals under tlie micro- 
scope are cystine, we carefully allow a drop of ammonia 
to flow under the cover-glasa. Instantly the crystals of 
cystine vanish, while uric acid without the application 
of heat remains unchanged. As soon as the ammonia 
has evaporated, the cystine again crystallizes. The re- 
precipitation is assisted if we add a drop of acetic acid 
to the ammoniacal solution. 

A second test consists in treating the cystine crystals 
with a drop of hydrochloric or oxalic acid. Cystine 
dissolves, while the uric acid will remain unchanged. 

The form of the crystals and their insolubility in 
boUing water prevent cystine from being confounded 
with the urates. 

Cystine is soluble in ammonia, but insoluble in car- 
bonate of ammonia. In case the cystine is held in solu- 
tion in the acid urine at the beginning of the alkaline 
fermentation, it is precipitated like an eai-thy phosphate 
by the carbonate of ammonia generated. 

From the earthy phosphates and triple phosphate 
cystine is easily distinguished by chemical tests, and by 
the microscope, which shows the earthy phosphates as 
an amorphous powder, while the triple phosphate pre- 
sents an entirely different form of crystals. 

Acetic acid dissolves the earthy phosphates, but the 
cystine is unaltered by it. But, if it happens that by 
addition of acetic acid and heat the greater part of the 
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sediment disaolvea and but a trace remains, this shoulil 1 
be brought undei" the microscope ; and, if ] 
plates appear, they should be treated in the above de- \ 
scribed manner with ammonia and hydrochloric acid, to I 
distinguieh the cystine from uric acid. 

If we dissolve cystine in KOH, warm, add water, 
and then a solution of nitro ■ prusaide of sodium I 
(Na»(CN)fl(NO)Fe'), the mixture becomes violet. This 
reaction also wlU show albumen or any other compound 
containing sulphur in the dyad form. 

The urine in which we find cystine is mostly pale. 
When putrefying it develops, besides the ammoniacal 
odor, that of hydrogen sulphide, which in aU proba- 
bility occurs as a decomposition product of the cys- 
tine. The sediment of cystine occurs in connection 
with cystine stone, and also independently of it. It 
appears white or dirty yellowish-gray, often with an 
abundance of triple phosphate and phosphate of cal- 
cium ; in acid mine, with calcium oxalate. 

This sediment seldom occurs with us, but it some- 
times happens that many members of a family suffer 
from cystinuiia. 



6. 



and 



Both of these substances are usually found together 
in the urine, but mostly in solution. Simple evaporsr 
tion serves to produce a sediment (p. 124). Tyrosine 
sometimes appears as a sediment without this treatment. I 

Under the microscope leucine appears as spheres of I 
various sizes, more or less colored, and having the ap- 





i^ 



•aoce of large drops of fat. They are sharply 
, and show in a favorable light fine radiating 
and also delicate concentric lines. 

Tyroaine forms very fine ehort needles, made up 
into sheaves or bundles crossing each other at various 
angles. (PI. IV., A.) 

Sometimes leucine spheres are distributed through- 
out this formation. The addition of a drop of ether 
will prevent confusion of the leucine with fat-globules, 
for fat is dissolved by the ether. The crystals are solu- 
ble in caustic alkalies, but not in cold mineral acids. 

Tyrosine crystals can be identified in two ways, by 
Piria's and Hofmann's tests. The first method consists 
in placing a small amount of the sediment in a watch- 
glass, and moistening with a few drops of concentrated 
sulphuric acid ; after an interval of twenty to thirty 
minutes add some water and neutralize the solution with 
calcium carbonate as long as it effervesces, and then fil- 
ter. If, on the addition of ferric chloride which is free 
from acid, a violet color is produced, tyrosine is present. 

The second method is still simpler. The sediment is 
uted with water and boiled ; to the boiling fluid add 
a few drops of mercuric-nitrate solution. If a red pre- 
cipitate falls and the supernatant fluid is rose- or pur- 
ple-red, tyrosine is present. Leucine and tyrosine occur 
in the urine very infrequently, seldom otherwise than 
with acute yellow atrophy of the liver and phosphorus- 
lisoning. 

7. Fat. 
des which float on the surface of many 
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urines must not be regarded as coming from the urinary 
organs. We often find that the patient has been cathe- 
terized, and the fat has come from the oil used to lubri- 
cate the catheter. We must also be careful legardlng 
the finely divided fat-globules under the microscope; 
they are apt to be from unclean object-glasses, or 
from the urine having been collected in greasy bottles 
which have previously contained hair oil or some fatty 
emulsion, medicines, etc., or to be caused by milk 
having been emptied into the vessels used for the 
urine. 

The assertions that entire fat-globules appear in 
the urine with excessive fatty degeneration of the kid- 
ney, we are unable to confirm by our personal observa- 
tion,* An emulsion of fat is observed in the chylous 
urine of the tropics (galacturia), partly causing its tur- 
bidity. The turl)idity from these causes is cleared up 
by shaking with ether. In such urine the sediment ia..| 
peculiar ; as the specific gravity o£ the urine is higher, 
the sediment will rise to the surface as a cream. The 
fat shows under the microscope various large spherea 
with shai-p contours. Ether dissolves it. Cholesterine 
occurs sometimes along with the fat, but very rarely, 
and for the most part in a crystalline form, recognized 
by the clear, large rhombic plates. In Europe galactu- 
ria occurs very seldom. 

[♦ Dr. Tjson diaima to have obaerved the fot-globnles referred to ii 
test. Dr. Roberta obBerved free oil after the esbibition of cod-liyer <nl|)l 
and Dr. Henderson in three cattes of beart-disease. Dr. Gushing fotmdfl 
conaidtirable qnantities of pure oil in the urine ol a case of left Inmbi 
abacess opening into the ureter.] 



I 
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[In England there have been several cases of cLy- 
kiria reported,* some of which occurred in persona who 
had never been out of the country ; and in some of 
them the urine at times seemed rather lymphous than 
chylous (i. e., the fat is absent, but albumen and fibrine 
remain — the milty appearance being absent, but the 
capability of forming a clot spontaneously also remain- 
ing [fibrinoria]). The pathology of these cases is ob- 
scure. In chyluria, as observed in the tropica, where it 
is endemic, the symptoms may be of a very slight na^ 
ture, with an intermittent chartieter to the disease, and 
the patient's general health may suffer very little, or, 
there may be severe symptoms, such as renal colic or 
strangury, and the long-continued di-ain on the system 
may produce exhaustion and pave the way for grave 
intercurrent disease. In the urine of persons contract- 
ing the disease in the tropics, the fllaria sanguinis hom- 
inis is so often found as to suggest a causal relation 
between it and the affection.] 



^^ a. Amorphova. — In ammoniacal urine we find regu- 
larly a heavy precipitate of grayish-white sediment, 
which the beginner often mistakes for pus. Tbis sedi- 
ment is the precipitated earthy phosphates, i. e., calcium 
and magnesium phosphates. As we have said, these 
salts are only soluble in acid fluids, and consequently 
must have been precipitated from the time when the 

[* Roberts {op. eit., p. 335 el wj.).] 
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urea changed to carbonate of ammonium, thereby ren- i 
dering the urine altaline. Under the microscope the ] 
earthy phosphates appear as gi-anules of various eizea, I 
which do not form the mossy groupings that characterize 
the uratea. Their identification chemically is very easy, 
^he uratea, with the exception of ui'ate of ammonium," 
■*occur in acid urines, while the earthy phosphates (the 
.Crystalline calcium phosphate which occurs in acid urine ' 
being excepted) are found only in alkaline urine. The I 
reaction with litmus settles the question as to whether ^ 
we have to do with uratea or phosphatea By heati 
the urates disappear while the sediment of the phos- 
phates increasea By addition of KOH or Na OH the 
urates dissolve, while the phosphatea remain unchanged* : 

The distinction between phosphates and pus is shown I 
in Donne's test. (P. 171.) 

All circumstances which lead to alkaline fermenta- 
tion of the urine, or cause the alkalinity of the same, 
tend to the formation of the sediment described, which 
is precipitated in mass proportional to the amount of the 
earthy phosphates in solution. 

Only exceptionally, with bladder catarrh or after the-j 
use of a great amount of alkalies, is the mine alkaline 
upon evacuation. In these cases it is ah'eady turbid 
from the precipitation of the earthy phosphates thrown 
down in the bladder. Generally the turbidity appears , 
only a shorter or longer time after evacuation of the I 
urine. These amorjjhoua earthy phosphates are often 
mixed with a beautiful combination of magnesium phos- 
phate with ammonium — the so-called triple phosphate. 
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h. GrysUMized calcium, phofiphate. — Ciyatalliiie cal- 
cium phosphate, of the formula PO^ HCa + 2HsO, is 
found in pale weakly acid urines, which have a tendency 
toward alkaline fermentation. 

This sediment appears with some persona as an 
individual peculiarity oftener than from other causes. ■% 
We have observed individuals living under healthy -^ 
normal conditions to have in summer a daily sediment ^ 
of crystalline calcium phosphate in the urine. 

Under the microscope the crystals appear club- 
shaped, with broad oblique bases. They may be iso- 
lated, or may lie over one ^nother, the points converging 
together, often forming a rosette, the periphery being 
formed by the bases of the crystals. 

In some caaes the crystals do not simply fonn cir- 
cles, but make uj) segments of spheres. (PI. III., B.) 
(Other forms ai'e described in K. B. Hofinann's " Zoo- 
chemie.") 

The forms of the crystals are so characteristic that 
confusion is hardly possible. The triple phosphates 
which may accompany them in later stages of alkaline 
fermentation have no points, and moreover form no 
bouquets or rosettes. 

From uric acid this sediment may be distinguished 
by the fact that it is colorless and disappears on addi- 
tion of acetic acid. 



»9. Magnesmm Pho^hate. 
In neutral or weakly alkaline urines, which we ob- 
serve after the internal use of the fixed alkali carbonates 
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or mineral waters containing them, appear long quadri- 
lateral tables of basic magnesium phosphate, Mga(P04)a 
+ 17Hs,0, two opposite angles of which have been 
truncated. If we allow a drop of a solution of commer- 
cial ammonium carbonate, in five parts of water, to flow 
over these crystals beneath the cover-glass, they become 
opaque, and appear like rough leather gnawed on the 
edges. 

Calcium phosphate does not become opaque, and is 
more slowly affected by such treatment. Triple phos- 
phates are not altered. 

This sediment is very rare, and can only develop in 
urine which is strongly concentrated and is originally 
neutral or alkaline. If the mine becomes alkaline from 
the urea decomposition, there is naturally no magnesium 
phosphate, but we have ammonio-magnesium phi 
phate. 



108^ 



These appear aa large, clear, refracting crystals, with 
distinct smooth surfaces and sharp edges. Among the 
many combinations of the rhombic and very frequently 
pai-tially amorj)hous shapes, the coffin-lid crystals are 
the most common. (PL III., B.) They might be con- 
fused only with sodium chloride or calcium oxalate; 
but sodium chloride only appears as crystals in evapo- 
rated urine. Fiom calcium oxalate they may be distin> 
guished by adding a drop of acetic acid ; if the sediment 
dissolves, it is triple phosphates; if it remains un- 
changed, it is calcium oxalate. The conditions under 
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iffliicli these occur have been spoken of under earthy 

11. Calcium Carbonate. 

The urine of most herbivora is already cloudy when 

liBvacuated. The turbidity arises from the mass of the 

I excreted calcium carbonate. Only exceptionally is such 

a condition found in man, though it sometimes occurs a 

short time after the urine ia evacuated. The causes of 

^this are somewhat obae^lre. 

This sediment does not come down by itself, but in 
Iconnection with the earthy phosphates, forming a more 
■■X)! leas fine gi'ained powder, and sometimes dumb-bell 
ratals. (PI. VI., B.) We can recogidze this precipi- 
tate by its solubility with effervescence on addition of 
linineral acids. This may be observed under the micro- 
Iscope. If, by placing a thread or a hair under the cover- 
glass, we allow a drop of HCl to reach the sediment, then 
(pe see gas bubbles of carbonic acid developed. This 
■faction is never obsei-ved with pure earthy phosphates. 
The sediment must be previously washed carefully with 
water on a filter to remove any ammonium carbonate 
I (which with acids would also cause effervescence), 



Considerable mucus may be contained in the urine 

ind not be noticed, because of its transparency, and the 

ght difference of its refractive power from that of the 
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urine. Only after long standing, when the urates begin 
to come down, when the urine contains more epithelium 
than usual, or when there is a rapid and considerable 
development of bacteria, does the mucus form the before- 
mentioned nubecula. 

If these conditions are not fulfilled, we color 
urine. 

If there Js no albiimen in the urine, we precipitate 
the mucus with alcohol to which some tincture of iodine 
has been added, as a stringy mass. Or the mucus may 
be precipitated by acetic acid to which has been added 
a little of a solution of iodine dissolved in potassium 
iodide. The acetic acid causes a turbidity of the mucine 
in solution, which is not affected by an excess of this 
acid, but which vanishes upon addition of a couple of 
drops of HCl. 

If the turbidity of the urine disappears by appli< 
tion of heat, we know it was not due to mucua, but 
the urates. Mucus has no characteristic form under the 
microscope ; we find only crystals of oxalate of lime and 
uric acid, as well as mucus-corpuscles (young cells) or 
bladder epithelium which have been held in suspension 
by the mucus. 

Mucus coagulated by acetic acid, however, shows 
under the microscope a granulated mass, for the most, 
part striated bundles, sometimes simulating casts 
cylinders. 

In women we generally find a much greater nube- 
cula, because the urine is usually mixed with 
quantity of vaginal mucus, especially with fluor albi 
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FSince mucine only swells in water and nndergoea no 
I real solution, we may separate it from the urine by 
filtration. The mucus remains on the filter, and appears 
there when dry as a glistening varnish. Urines contain- 
ing ranch mucus filter badly, for the reason that the 
pores of the paper are stopped. 



We have already mentioned the young cells aa 

I jnucus-corpuscles. Other cells appear in the urine 

which serve as an epithelial covering for the mucous 

membrane of the urinary apparatus, or as the proper 

glandular tissue of the kidneys. 

Manifold as the forms of the epithelial cells appear, 
' if we examine the vaiious parts of the urinary apparatus, 
L we do not find all these forms represented in the uidne. 
I The urine, as a fluid containing various salts in solution, 
I works a change upon the epithelial cells. Three forms 
I may with certainty be distinguished : 1. Round cells ; 
I 2. Conical and caudate cells ; 3. Flat cells. 

1. T1m roimd cells arise from the tubules of the Idd- 
I ney, and from the deeper layers of the mucous mem- 
[ brane of the kidney-pelvis. In their original form they 
I are more or less oppositely flattened, con-esponding to 
their position beside one another. (PI. I., A, 1.) Un- 
der the influence of the urine they swell and become 
I globular. They have a clearly defined nucleus, and are 
I by this easily distinguished from the pus-corpuscles 
!■' which also appear in the sediment. The pus-cells are 
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unifomJy granulated, and show their nuclei with dis- ' 
tinctnesa upon addition of acetic acid. The epithelial | 
cells contain but one nucleus, the pus-cella two, three, 
and Bometimes more; besides, the epithelial cells are \ 
lai'ger. 

In acid urine the epithelial cells are preserved a 
long time, but if the urine is neutral or alkaline they 
appear greatly swollen, nearly hyaline, the granular \ 
protoplasm entirely surrounding the nucleus ; after a I 
time they become wholly dissolved. The epithelium i 
of the male urethra is very similar to the kidney epi- 
thelium, so that it is difficult to distinguish one from 
the other under the microscope. (PL I,, B, 1.) The 
distinction is usually based upon the chemical constitu- 
tion of the urine. If the urine contains alburaen, the 
round cells are due to a desquamation from the urinary 
tubules. If albumen is not present, the round cells 
are probably from the urethra. 

The epithelium of the prostate, Cowper's, and Lit- 
tr^'s glands is similar to that of the urethra, and can 
not be distinguished from it microscopically. With ' 
mucus and pus the epithehum fonns the so-called gonor- 
rhceal threads. (PI. VI., A, 2.) 

2. The conical and caudate cells have their origin in 
most cases in the pelvis of the kidney. Very delicate 
cylindrical cells come also from the accessory organs of 
the male uiinaiy apparatus, though they are of rare i 
occurrence. The cells are generally twice as long as I 
broad, and are smaller at one end than at the other. 1 
The caudate cells may have a prolongation on one end 1 
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(unipolar), or they may have spindle-shaped prolongar 
tions on both (bipolar caudate cells). (PI. I,, A^ 3.) 
The presence of these cells must not be regarded as an 
indication of a neoplastic growth, as is stated in the 
older writings. 

3. The flat cella arise either fi'om the bladder or 
the vagina. They are most irregular, polygonal with 
rounded comers, and have a sharply defined dark 
nucleus nearly in the centre. This nucleus bulges out, 
as may be seen when the cell is standing on its edge, 
making the cross-section appear like a spindle-cell. (PI. 
L, B, 2.) 

It is difficult sometimes to distinguish the bladder 
epithelium from that of the vagina. The bladder 
epithelium is more delicately fonned, and generally 
appears singly ; the epithelium of the vagina is some- 
what coarser, has sometimes a waiped surface, and is 
almost always cast off in great cohering shreds ; fre- 
quently the scales are airanged in layers, an appearance 
never occurring in bladder epithelium. (PI. I., B, 4.) 

The yellow color of the nuclei of various epithelial 
cells with icterus is interesting. If we now allow a 
drop of fuming nitric acid to flow under the glass cover, 
we observe the nuclei to pass through the color changes 
of Gmelin's test (green, blue, violet, etc.) (Ultzmann). 

II The pus-corpuscles of tlie urine are quite similar in 
ppearance to those of a suppurating wound. They are 
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round cella twice as large as blood-corpuacles, with ^. 
UBifoiinly granular exterior which surrounds the nucleL,' 
The nuclei may be exhibited more distinctly by thel 
addition of a drop of acetic a^id under the cover-glass 
the granulation vanishes, the corjiuscle swells, and the 
several centrally placed nuclei become visible. ] 
this usual form, there ia another of rare occurrence, in 
which the corpuscles are not round, but have variousi 
prolongations which show amoeboid movement. (PL 
VII., B.) 

The pus-corpuscles are changed, especially in ammo- 
niacal mine, under the influence of carbonate of ammo-, 
nimn. They swell up and coalesce, showing under the 
microscope a homogeneous mass, in which the nuclei 
alone are distinguishable. Such pus forms a vitreous, 
slimy mass, which on pouring flows out as a whole, like 
albumen when poured from one vessel to another. 

This must be distinctly emphasized, lest the beginner'' 
fall into error in supposing that such a slimy mass is' 
mucus or albumen. The latter does not foi-m a sediment 
under any conditions, and mucus never forms a like' 
cohering mass. If pus is in the urine, pus-serum and 
albumen must also be present. We may always obtMB 
the albumen-test, which is not the case with mucus. 

The amount of pus-corpuscles is various. Often the 
urine contains so few that they (forming no sedimentV 
escape the unaided eye. In some urines so much pus is! 
present that a sediment several fingers high is formed of j 
a yellowish or grayish white color. 

A confusion with the urates is possible in acid 
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urines, and with the phosphates in alkaline. We have 
already described the teste for the urates. The phos- 
phates disappear on addition of a few drops of acetic 
acid ; pus does not. 

Domiffs test permits the distinction without the aid 
of the microscope. Pour the uiiue from the sediment, 
and add a little piece of caustic soda or potassa. If the 
sediment consist of pus, then it will lose its white color, 
becoming greenish and vitreous, first stringy, then 
thicker, until finally it forms a cohesive lump. It has 
in this manner taken on the appearance of pua in a 
strongly alkaline urine. Since no other body in the 
urine can give this reaction, it is a perfectly safe method 
of distinguishing pus. If the amount of pua is scanty, 
one can not expect to obtain the cohesive lump, but on 
the contrary the sediment disappears and the fluid be- 
comes vitreous and stringy. 

With the sediment are mixed broken-down pus-cor- 
puscles (detritus), and frequently blood-corpuscles, epi- 
thelial cells, etc. 

^^ 4. Blood- Carpiwcles. 

* Blood-corpuscles in the urine may be distinctly rec- 
ognized when present in but small amount. If the 
urine is tinged a brownish red, and the suspicion arises 
that blood-coloring matters or corpuscles are mixed with 
it, we allow it to stand for some time, in order that the 
light and sparingly present blood-corpuscles may form a 
sediment (often but a ti'ace), which is colored a beauti- 
ful red. 
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In acid urine the blood-corpuscles retain tlieir char- 
acteristic form for a long time. They exhibit small 
diska, which show a central shadow corresponding to 
the depression. If the blood-corpuscles stand on their 
edges, they appear bi-concave. They are always single 
(except in profuse hfemorrhi^es from the bladder, when 
they form rouleaux), aud appear reddish with a alight 
greenish tinge. 

This original form of the blood-corpuscle undergoea 
many changes, brought about by the nature of the men- 
struum in which the corpuscles are distributed. If the 
mine is veiy dilute, especially if it has begun to be am- 
moniacal, the corpuscles swell, the depression disappears, 
and they become spherical, appearing somewhat smaller 
than before. The central shadow vanishes with the 
depression, and instead the corpuscle has a peripheral 
shadow by which it is rec<tgnized as a sphere. 

By longer exposure to the above influences, the cor- 
puscle becomes more indistinct and appears as a delicate 
bubble, which then becomes but a mere shadow in the 
field, finally disappearing. 

By treatment vrith a neutral-salt solution the blood- 
coipuscles become smaller and jagged. These ja^ed 
forma are observed in the urine, often in connection with 
the noimal. The corpuscles appear to have produced 
within themselves small crystals whose ends cause the 
limiting membrane to become distorted. (PL V., A, 2.) 
Sometimes the coipuscles are not round but oval, and i 
are of various sizes in the same urine ; sometimes cup 1 
shaped. 
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In htematuria wtieli accompamea parerehymatouB 
affections of the kidney and bladder, we find abnoat 
always spliencal corpusclea of different aizea. Quite 
small, even dust-like blood-corpuaclea (microcytes) occur 
in suet casea with normal aud greater formB (macro- 
eytes), 

No matter how small an amoimt of blood-corpuscles 
is present, it is always possible to prove the presence of 
albumen in connection. 

If the blood-corpuacles have been diaaolved in an 
ammoniacal m'ine, we may teat for the coloring mattera 
(haemo- or metbgemo-globine), as described on page 128, 

Regarding the origin of blood-corpuaclee in the urine, 
the subject is treated of in Chapter VIIL 

^. 5, Cylinders. 

r' The identification of cylinders playa a most impor- 
tant part in the diagnosis of kidney diseases; for by 
their form they betray their place of origin in the urin- 
ary tubules. In the investigation of the urine, the 
greatest cai"e must be taken that these be not over- 
looked. By their low specific gravity they remain for a 
long time suspended in the urine. To this may be 
added the circumstance that their appearance is gener- 
ally accompanied with albuminuria, and in the albu- 
minous fluid their precipitation is very slow. 

The precautions necessaiy for the investigation of 
these forms are as follows : The urine must be permit 
ted to stand for several hours, then carefully decanted. 
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and tlie residue shaken up in a pointed sedinient-glass, ' 
and allowed to stand again one or two hours. The last \ 
drops of the sediment should be brought under the I 
microscope. One should never be satisfied by one ex- 
amination, as the number of cylinders is always small 
and may be overlooked on hasty investigation. While, 
on the one hand, we must exercise caution not to over- 
look the cylinders, on the other hand we must not mis- \ 
take for them materials of an entirely different nature. 
Beginners are apt to see granular cylinders in every 1 
accidental cylindrical arrangement of the phosphates or I 
urates, especially if imbedded in stripes of mucus. 

Although cylinders are generally accompanied by j 
albuminuria, there is albuminuria with which no cylin- 
ders are found, and there are isolated cases in which | 
cylinders are present without contemporaneous albu- 
minuria. Examples of the first case are the albuminuria 
of interstitial nephritis, of amyloid kidney, and renal I 
stasis ; as an example of the second condition, severe 
inflammatory processes are to be mentioned, in which 
the cyllndere precede albuminuria from twelve to twen- 
ty-four hours. 

Among the numerous cylinders the chief forms 
(partly passing into one another) are the following: '< 
1. The ordinary fibrine cylinder ; 2. The fine granulated ( 
cylinder ; 3. The hyaline cylinder ; 4. The waxy cylin- 
der ; 5. The epithelial casts and cylinders ; 6. The so- j 
called uric acid cylinder ; 7, The bacteria and micrococci i 
cylinders. 

1. The ordinary JthriTw-cyliTuIers are roll-formed, 
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often spirally twisted elota, with a sharp contour and of 
a ligtt yellow to brown-yellow color. Their calibre 
exceeds tliat of the otter casts, so that they may be 
regarded as having their origin in Bellini's tubes (see 
Fig. 2), near their outlet upon the papilla; frequently 
the epithelial cells adhere to them. The blood-cylinders 
may be regarded as a lower form of the fibrine-cylinder ; 
these consist of clotted blood, and arise from rupture of 
the glomeruli. These are always dark brown, and ap- 
pear to consist of a compressed clot of blood-cella. 
Sometimes we observe on one part of a cylinder a 
fibrine-clot, whUe the other is covered with blood- 
corpuscles. This form is always accompanied with 
isolated blood-corpuscles in the sediment. (PI. VIL, 
A, 1.) - 

2. Tliefine darhgrmiuhd cylinders are smaller than 
those described above. They appear under the micro- 
scope as a solid plug from ■ the more remote urinary 
tubules. They have sharp contours, and appear, as 
their name implies, finely granulated throughout ; they 
are rounded off on one or both ends like a finger, ap- 
pearing uniformly of the same calibre, or constricted as 
if strangulated. They may be shaped at one end like 
the neck of a bottle. In the granulations many modifi- 
cations are to be observed : in some places the granules 
are coarse, and in others the casts seem to have almost 
lost their granulations and to have become hyaline. 
Sometimes fat-globules are mLxed with the granulations. 
Upon the addition of acetic acid, in some cases the 
granulations disappear, so that the cylinder becomes 
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clear; in other cases this has no influence whatevel^ 
The color of the granulated cylinders is a pale, dirty; 
grayish yeUow. (PI. VII., A, 2.) 

Both these forms of casts remain a long time tin*; 
changed in acid -arine, while in alkaline they gradually 
become more indistinct and finally disappear, 

3. TJie hyaline oylindem are of the same size ae the I 
granular casts, or they may be smaller. They are some* 
times straight and sometimes curved ; the length is, 
often considerable. While at times the appearance of ft^ 
solid body is unmistakable, again they appear as very' 
delicate tubes cylindrieally formed, sometimes ribbon- 
shaped. Frequently we find spirally twisted cylinders, 
with one or more turns. (PI. VII., A, 3.) In the first 
and greater forms a distinct contour is visible, while the 
last mentioned forms are difficult to recognize from the 
surrounding medium, and under the microscope they 
only appear as a shadow. In such cases it 
in order to bring out their form, to add a ditip of iodine< 
dissolved in potassium it^idide solution, or aniline violet^" 
by means of which the cylinders appear respectively 
yellow or blue-violet, and may be better distinguished 
fi-om the paler surroundings. They show generally no 
trace of granulation, but are perfectly transparent^' 
From the narrowness of the ribbon cylinders, they 
supposed to come fi-om the smaller branches of 
urinary canals, perhaps from the fine ascending loops 
Henle. The hyaline cylinders disappeai- soon in alkaline] 
urine. 

4. The waayy cyliTiders are about the width of the 
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aular, perfectly clear and strongly refractive, bo that 
iheir contour ia as shai"jily defined as the triple phos- 
|)liate3 or similar clear crystals. They are straight, 
■oken, or curved. Their surface is often wavy, as if 
they were made up of coaleacent colloidal nodules. In 
places they show deep indentations, as if the gelatinous 
inaes had yielded to pressure. They give the amyloid 
taction, and are tougher than the other cylinders. This 
brm of cylinder is of rare occurrence, and has been 
bund only with amyloid degeneration and tuberculosie 
E the kitlney. (PL VIL, A, 4.) 

5. The epitJieUal easts and cylinders are processes by 
hrhich the epithelial coating of the urinary canals is 
■-stripped as a whole from the membrana propria, and by 
the vis a tergo of the ui'ine or of a fluid exudation is 
forced out of the tubule. These forms, which are made 
up of epithelial cells and have a lumen, we term epithe- 
lial tubular casta. With these, in the same sediment, 
we find cylinders made up of hyaline substance covered 
with epithelial cells. We may find the latter without 
the former. (PI. VII., A, 5.) 

The epithelial cells appear cloudy, are somewhat 
swollen, and show very seldom a sharply defined sepa- 
rating border. Ofteu their swelling has so far advanced 
that they appear more like a homogeneous finely granu- 
lated mass, in which the nuclei alone, separated from 
each other by regular distances, allow them to be recog- 
nized as epithelial cells. 

Among the epithelial cylinders there are some in 
which the copulated interior bulges through the cover- 
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iug of epithelium ; in others the central exudate projects j 
at the ends. ^ 

6. TJie. wio-add cylinders are distinguished by their 1 
characteristic composition, and they are only enumerated 
with the other on account of their fonn and place of ori- 
gin. The uric-acid cylinders occur in the urine of nurs- , 
lings who suffer from uric-acid infarction of the kidney. 
As in the urine, so also in the wash of the child we 
obaeiTB small red forma, which under the microscope ' 
are recognized as cylinders, made up of small granulea 
of the urates, and not, as their name would denote, of 
pure luic acid. They are brown-red, show distinctly a ] 
coarsely granulated structure, and vary greatly aa to j 
size. (PI. VII., A, 6.) If treated with KOH, ammonia 1 
is set free and the cylinders disappear. Besides the j 
perfect cylinders, we find fragments. 

7. Oylinders of bacteria and micrococci appear only ' 
with interstitial suppurative nephritis, and here also i 
only in those cases where the disease is complicated i 
with bacterian embolism of the urinary canals (n^h/rUis ] 
parasitica, Klebs). We find these cylinders of the shape | 
and size of the firm flbrine cylinders. They arise from ] 
the same place, the tubules of Bellini. AVe often find 
these forked, when they correspond to the Junction of 
two straight tubes. They consist throughout of bac- 
teria and micrococci. Since the bacteria are in a state of 
rest, these cylinders resemble the coarse-grained granular ' 
cylinders ; these latter, however, are much smaller and 
more delicate. By applying a high power of the micro- 
scope, confusion is not easily possible. 
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Under the above-mentioned forma tlie reader will 
mias some which have been described in other books, 
bnt which we ourselves have had no opportunity of 
observing ; and we conclude that, if such foi-ms do occur, 
it is only very rarely. The cylinders of pua-cells must 
not be confounded with the short plugs of purulent 
matter which arise from the papillary part of the kid- 
ney and are characteristic of chronic pyelitia Further, 
we mention cylinders of calcium oxalate and also cyl- 
inders with imbedded uric-acid crystals. It often hap- 
pens that to the cylinders crystals of uric acid and 
oxalate of calcium become attached. They do not ap- 
peal- imbedded in the cylinder mass, but added after it 
, has left the urinary tubules as an accidental attachment. 

l,.-„....„^_ 

exist, some of which are of frequent occurrence, while 
others appear more accidentally. 

The most frequent forms which one has the oppor- 
tunity of observing are the following: 1. Bacteria; 
2. Yeast fungi ; 3. Sareinfe ; 4. Oi'dium lactis ; 5. Dif- 
ferently developed spores and fragments of penicillium 
ffiaucum. Some forms occur oftener in alkaline and 
others in acid urine. 

1. Ba<:ieria, predominantly inhabitants of alkaline 
urine, described by some authors as a low form of ani- 
mal life, by others aa a plant, being spoken of synony- 
mously m Vibriones, Monades crepuscidas, Microzymm, 



ANALYSIS OF THE URINE. 



etc. At present it appears probable that they belonj 
to the fungi and are grouped under Nageli's Sc7iyzom'gi\ 
cetes. They ai'e very different in their appearance, an<ll 
fi'om a practical standi)oint, according to A. Vogel, theyl 
have received varioua names. It is only i 
lemember that they are fungi. 

A urine which contains an appreciable amount of J 
bacteria appears always cloudy. After a long time parti 
falls as a sediment to the bottom without the fluid b&-^l 
coming clear. Accoi-ding to A. Vogel, the followingi 
foiTus are to be distinguished : 

a. The monad forms. These are round punctif orm J 
bacteria, which either remain quiet or show a quivering I 
motion. One must exercise care not to confound with 
these the earthy phosphates which have a molecular 
movement. While the movement of a dead organism 
goes on in one place, the monad forms of bacterial 
change their position in the field. 

b. The rod forms. These ai'e very small roda^J 
scarcely the diameter of a Ijlood-corpuscle, and im- 
measurable in thiclcness. Both ends are generally I 
swollen and knob-formed. They are sometimes at rest I 
and sometimes moving through the field. 

c. The vibriones. These are made up of the above- 1 
mentioned forms — two or more rod-like bacteria hanging 1 
on to one another, moving sometimes spirally and some- 1 
times with a motion resembling that of a fish's tml, I 
going hither and thither with great rapidity. 

d. Leptothrix, or chain forms. These are long, J 
often reaching across the entii'e field, aud are to be di* \ 
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tinguiated ooly by their length from the vibriones. 
Only with a very high magnifying power cau their 
jointed composition be recognized. They move bnt 
seldom, and then very sluggishly, in the manner of a 
serpent. 

e. The zoi3gloa forms. These appear as masses of 
punctiform bacteria held together in a common gelatin- 
ous mass, resembling a precipitate of earthy phosphates 
held in mucus. 

All these forms may be observed in the same m-iue, 
and often under the same cover-glass. 

2. T7is yeast plants (^Saccharomyces uHtke). — These 
are single vesicular cells, of the size of blood-corpuscles, 
and of somewhat oval shape. Usually, however, they 
are made up of small cells arranged like a rosary, some 
of the beads ha\'ing two or three bud-like cells attached. 
(PI. VIII., A, 1.) This fungus appears in much less 
quantity than the bacteria, and is foimd mostly in acid 
urine on a warm day. This plant has the greatest simi- 
larity to the yeast plant of beer {Sac-charomyces cere- 
visits), without being identical. In diabetic urine this 
form occurs, but more vigorously developed. 

3. Sarcince, — This form has the greatest similarity 
to Sarcma ventricidi, but is appreciably smaller. They 
are arranged in groups of 2, 4, 8, etc., and the small 
cells are built up in cube foiTu and present the ap- 
pearance of a cross-bound bale of goods. (PI. VIH,, 

1*1, 3.) 

K The urine in which sarcinse are found is chiefly al- 
kaline, and in the sediment we find also calcium- and 
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triple phosphate. The evacuation of aarcioae lasts for 
weeks, sometimea for months. 

4. O'idivjm lactis. — This appears in the form of long 
cella, recognized by their granules being aiTanged at 
regular intervals. These occur not infi'equently in the 
f eiTnenting urine of diabetes, 

5. PmwyilUum glaucwm. — There may exist in the 
urine also spores of this plant. In great part these 
exist as germs, often as branching forms or reticulated 
fibers, covered with a coating of fine urates, appearing 
furry and brown-red. (PI. VIII., A, 2.) 

[6. The Bacillus tuberculosis has been found in urine, 
but precaution should be taken, as a form very closely 
resembling it has been found in the healthy urethra.] 

The spores for the evolution of all the forms of fungi 
mentioned develop outside of the bladder. This rule, 
however, has exceptions. The sai'cinse are always ex- 
creted with the urine from the bladder. Sometimes 
this may be the case with bacteria, though this may be 
explained from the use of unclean sounds or cathetent 
Cases have come to our knowledge, though very rarely^ 
where there was certainty of no instrument having been 
introduced previously into the bladder or urethra. It is 
very difficult to ascertain whether these forms of fungi 
have any influence on the reaction or fei'meutation of tha 
urine. The small chain fungus appears not alone in 
alkaline urine, but in every case in which an albuminous 
substance becomes fetid or decomposed. We therefore 
find the same in the secretions of different ulcers, in 
ichor, and in cholera stools. 
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In this place we may mention in passing an indicar 
tion which was formerly considered a characteristic sign 
of pregnancy. With the name kyesteine was christened 
that membrane which forms on the sm-face of long- 
standing urine, and wliich consists of an interlacing net- 
work in which calcium- and triple phosphates, bacteria, 
and sometimes also animal organiams, are imbedded. It 
forms, however, upon the urine of men, and has of late 
lost its significance. 



Spermatozoa appear with a strong power (Hartnack, 
III., 7 = X 330) as small roimded foi-ms, with a longer 
or shorter hair-like tail. Seldom has one an opportunity 
of seeing them in motion in the urine. A urine wliich 
contains spermatozoa often shows white cloudy flakes, 
which under the mici'oscope are resolved into a mass of 
Bpermatozoa imbedded in a finely granulated substance. 
Since spermatozoa are very light, they require several 
hours to settle. After six to twelve hours we find, 
besides the flocciilent lumps, also isolated seminal gran- 
iiles. On account of the resisting capability of these 
structures, they may be found in the urine after several 
days. (PL VI., A, 3.) 

We find spermatozoa — 

1. After coition, nocturnal pollution, etc., when a 
part of the aemeo remains behind in the urethra, and is 

lahed out later by the urine. 

2. With spermatorrhcea. 
We also observe involuntary emissions in typhus. 
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In the iirine of women we find spermatozoa after 
coition — a fact which may have great medico-legal im- 
portance. 



Two different forms of cancer elements are observed, 
though quite seldom : a. Isolated cancer-cells ; h. Pieces 
of cancer-tissue. 

a. The cancer-cells are variously (PL VIII,, B, 1) 
and often quite oddly formed. They are large and for 
the most part caudate cells, with a very large and often 
more than one nucleus. Sometimes we observe the so- 
called vacuoles. Care must be taken not to regard the 
caudate ceUs of epithelium which come from the kidney- 
pelvis as cancer-cells. The cancer-cells correspond to 
the epithelial covering of a cancerous growth, and gen- 
erally arise in the bladder. Only from an abundant 
appearance of these peculiar and many-formed cells can 
we with certainty recognize a malignant growth. 

b. F/'agments of villous cancer (PI. VIII., B, 2) may 
occur in various forms in the urine sediment. We 
either find the same well preserved, when we are able 
to distinguish the papillary growth under the microscope 
(it seldom appears in this condition), or on the other 
hand it may be necrotic, when the di^;no8is is attended 
with considerable difficulty. The weU-preserved can- 
cerous tissue, under a magnifying power of 300 diame- I 
ters, exhibits in its finest branches a characteristic tree- 
like formation, similar to fringe, which consists of a 
widened blood-vessel (Hohlkolben) covered with 
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single layer of epithelium. It is seldom that such a 
beautifully formed tree can be seen under the micro- 
scope. Usually sloughed off and much altered pieces of 
tissue only appear in the sediment, and the identification 
of these is very difficult. In the tree form the epithe- 
lium has generally undergone molecular disintegration, 
and is accompanied with bacteria ; the villus itself is 
infiltrated with pus-corpuscles. In this molecular detri- 
tus, chiefly consisting of small flakes, we occasionally 
find forms which materially assist the diagnosis of vil- 
lous tumor. 

Often, if we treat the neci-otic cancerous tissue with 
glycerine, and sometimes when we have not done this, 
we observe beautiful crystals of hEematoidtne. They 
appear of a brown-yellow color, either in beautifully 
built small rhomboids or in small, yellow, grassy tufts. 
Such cancerous tissues, treated with fuming nitric acid 
under the microscope, show by the well-known rainbow 
play of colors the reaction of the biliary coloring mat- 
ters. Htematoidlne is recognized in old blood-extravasar 
tiona, but in the urinary sediment it is never observed 
except as isolated crystals. If, however, we find these 
crystals imbedded in necrotic tissue, then is the di^no- 
sis of old hsemorrhagic and necrotic tissue assured. This 
condition has up to this time been found only with vil- 
lous tumors. Haematoidine \"il]us occurs only in acid 
urine. 

There is yet another sort of crystal which has also 
been observed by us only in necrotic villous tissue, 
which appears only in acid urine, and may also serve as 
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an index for the diagnosis. These are small, colorleas, 1 
crossed, ^gregated leafy crystals, in dumb-bell form, 
which sometimes take on a spherical shape. These are | 
a veiy I'are foim of calcium oxalate. 

Sometimes with a low magnifying power (120) we j 
observe thicker and darker-colored, tube-shaped, branch- j 
ing forms in necrotic flakes. These are small vessels ' 
which are to be seen in necrotic tissue. 

If the mine is strongly alkaline, we find the vUlous 
tissue so changed and incrusted with phosphates, that a 
diagnosis of it can scarcely be made. One investigation 
of the urine in these cases is hardly sufficient for a 



We have not up to this time had an opportunity of , 
observing entozoa, or even fi'agments of them, in the 
urine. According to the claims of other authors, the ' 
hooks of echinococci occur. We have, however, observed ] 
single hooks, as also a fragment of the sac of the echino- ] 
coccus with the adhering animal forms, in the aspirated I 
fluid of a kidney-tumor (PI, VIII,, A, 4) ; and it is pos- J 
sible that by rupture of the same into the jaelvia of the I 
kidney the hooks might appear in the evacuated urine. 

In the ti-opics haematuria caused by entozoa is ob* J 
served. Under this head the moat important form of 1 
entozoa is the Distoma hcematohium or Silharzia Ihomut- j 
iohia. It penetrates most probably from the intestinal ■ 
tract into the plexus venosus prostaticus, and there lays ] 
its eggs. These have an oval form, and on one end is 
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be seen a short point. They stop np the small ves- 
sels of the mucous membrane of the bladder ; then 
lere arises a bladder-catarrh with hfiemorrhage, and 
'^he eggs become excreted in the mine. In the urinary 
sediment we find small flakes in such cases, in which 
under the microscope, besides numerous blood- and pus- 

i corpuscles, are imbedded a great number of the eggs 
bf Bilharzia hcematohia* 
I [The adult parasite is a trematode. The male 
rarely exceeds one thii'd of an inch in length, and 
U shorter and broader than the female, which is 
more filiform, and may attain to the leogth of three 
quarters of an Inch. They bear two suckers, and 
the male a long canal in its upper half, in which the 
female is partially inserted duriug copulation. The 
iva are about -g^ inch long and -^^ inch broad, 
id are characterized by a spine at the antenor part 
of the capsule. It is by the appearance of these in 
the urine that the cause of the hsemorrhage is to 
be diagnosticated. The cases iu which it occurs in 
America seem to have contracted the disease in Afrit 
ea. Belfield f records such a case. 

The Strongylus glgas, a nematoid worm found 
in the kidney ■ pelvis of dogs, wolves, horses, oxen, 
and some other animals, has been very rarely found 
in the human kidney. It resembles the ascaria 
lumbricoides, but has six instead of three papillte 

* Wo hare to thank Dr. Sachs, of Oairo, for some verj beautiful prepara- 
tlons of the natural sediment of endeniia bsroatnria. 
[+ "Diaeases of the Urinarj Organs," p. 164.] 
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around the mouth, and is larger, the male reacting al 
foot in length and one quarter oi an inch in breadth,.! 
and the female a yard in length. It may occur ia the 1 
urine through its ova, or in adult form ; and when I 
present iu the renal passages may give rise to colic i 
hematuria and pyuria.* 

The Pentastoma denticulatvm, found under the 1 
capsule of the liver of herbivorous animals and 1 
man, was once found by Wagner under the capsule | 
of the right kidney of a man dead from Bright's I 
disease. Inasmuch as it has never been found in the \ 
urine in any form, it does not deserve further men- J 
tion in this treatise. 

The Fila/ria mngwmin hominis seu Baiicrofti, as ] 
the probable cause of tropical chyluria and some- ] 
times haimaturia, is a matter of interest to Ameri- I 
can and English physicians, since several cases of its I 
importation from the tropics have been brought to ] 
notice. The form usually seen is the embiyonia I 
The embryos are long, snake -like, transparent, and j 
apparently structureless, from -jV *'' tV '^^'^ "^ length, 
and -g-iVj inch in breadth. It is slightly tapering 
at the anterior extremity, and terminates at the end 
in a filamentous projection like the lash of a whip, 
Viewed through a magnifying power of six hundred , 
diameters, transverse markings may be observed, bntj 

[* The rhabdites genitalis, a nematoid, has recently been found l 
nrine of throe persons. In one case (a woman} it seemed to come from I 
the externa) genitalia. In the second case it seemed to be tbe canae of k ] 
pftroxjsmnl haimoglobinuritt, and in the third of an interraittent bEematorift,^ 
The two latter persons were children.] 



no oval or anal opeflings. When drawn from fresh 
blood it wiggles quite actively. The embryos are 
[bund principally in the blood, and a few at times 
the urine. Digestion and exercise cause its ap- 
pearance in large numbers when present. The adult 
I a neraatoid worm, and, according to Manson, in- 
t habits the lymphatics (the two seses living together), 
where it causes a blocking up of the lymph-veasel, 
with consequent rupture and chyluria.] 

It is hardly necessary to give a further description 
' accidental entozoa which have been found in the 
pine, but which have no especial significance. 

Bits of feather dusters, of wood fibre, of dried plant- 
Issue, as tobacco leaf, dust, aud cotton and woolen fibres, 
3 found in the urine. Besides this, it is hardly neces- 
r to advise care as to cleanliness of the cover-glasses. 



^ 



ADDENDA. 



OONCBEnONS. 



By unnary concretions we understand the hard, 
lonj formations, which are sometimes made up of 
formal and at others of abnormal constituents. 

The size of these differs greatly. We find urinary 
ODcretions the size of the fist aud larger, whUe acme 
han only be recognized by the microscope. 

Every concrement, great or small, must allow the 
wgnition of an arrangement of its molecules in layers, 
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and Lave a more or less rounded form. A single excep;^ 
tion to this rule is the cystine atone, whicli upon croB8> I 
section shows a crystalline leafy formation rather than ] 
layers. 

If we wish to determine the nature of the urine con> J 
eretiona, we must employ the aid of a lens or microrl 



Often we find euch small concretions of uric aciclJ 
that with the unaided eye they may often be mistaken 1 
for the crystals of uric acid (the roaette). Just so with | 
small concretions of calcium carbonate, which show dia- ] 
tinctly their laminations with a lens of 100 to 200 diam.- 



The small concretions come usually fi'om the kidney^ j 
the larger from the bladder. 

The stones aie formed either of. one constituent or I 
of different stone-forming elements arranged in layers I 
(eccentrically). The uric-acid stones consist, as a gen- T 
eral rule, entirely of uric acid or its salts ; the cystine J 
stone only of cystine ; while the oxalates have generally 1 
a kernel of uric acid and an outer phosphatic layer, j 
The phosphatic stones possess uric-acid centres. 

Whether these urinary concretions are formed of but J 
one or several constituents can in every case be diatinJ 
guished. 

The best means of determining the constituents of 1 
the concretionary layers is to saw the stone in two I 
halves with a bow or jeweler's saw. 

The innermost layer of the cut surface is the kernel ; 
this is from the size of a nullet-seed to that of a pea orl 
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' laiger, and is contrasted better with the surrounding 
matter if the nest layer is of another color. 

The kerne] is the most important part of every stone. 
It alone explains to ne the cause which has brought 
about the foi-mation. If we find a uric-acid kernel in a 
phosphatic stone, we know that the primaiy condition 
which influenced the stone foi-mation was due to uric 
acid. If the kernel happens to be a fi'agment of a bou- 
gie or a foreign body in the centre of a phosphatic 
stone, we must recognize the agency of the foreign body 
in producing the stone. 

From a practical or surgical standpoint, stones are 
classified according to their chief constituents. Thus 
we distinguish stones of urates, oxalates, phosphates, 
and cystine. This classification has a practical impor- 
tance which is not to be underestimated ; for if the sur- 
geon diagnoses a stone as phosphatic, he may conclude 
that it is a case for the lithotrite ; If formed of oxalates 

I or urates, he may conclude that the stone is veiy hard. 
There are frequently stones which exhibit three or 
more stone-forming constituents in their layers. It is 
more convenient to classify such stones in two groups, 
according to the character of their kernels. The first 
group includes such stones as are formed by the sedi- 
ment of acid urine. The second group includes those 
stones the kernels of which are formed by foreign 

I bodies, by blood-coagula, or from the constituents of 
alkaline urine. 

This classification conforms precisely to what we 
have designated as primary and secondary stone forma- 
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tion. The primary formation is tlie building of a Vernd 
out of the sedimentary constituents of acid urine. TheJ 
secondary formation ia only an incrustation of a foreig: 
body or of a kidney-stone arrested in the bladder. 

The primary stone formation occurs only in the kidJ 
ney ; the secondary mostly in the bladder. 

A peculiar class is formed by the so-called " meta 
morphosed" stones, which consist of earthy phosphates^! 
and form a quite homogeneous and very porous i 
They are always the product of a chronic suppuratioBi 
which has lasted many years ; the sediment of acid urinej 
being dissolved by the alkaline pus, the earthy phoft^l 
phates are substituted. 

The primary stone formation is as a rule caused by 1 
uric acid, since bladder-stones for the most part have a I 
kernel of that substance. 

In the investigation by Ultzmann of 545 bladder- 
stones, the kernels were found to be composed as fol- | 
lows: 

Kernels of uric acid . . 441 = 80-92 per cent 
" of calcium oxalate . 31 = 5*69 " 
" of earthy phosphates . 47 = 8*62 " 
" of cystine ... 8 = 1*47 " 

Foreign bodies as kernels . , 18 = 3-3 " 



of the Concretions. 

Every large concretion must first be cut in two byj 
means of a fine saw. The collected sawdust is welll 
mixed, and should be investigated by the methods ^veii 1 
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below. By these methods we are enabled, by their 
eharacteristic reactions, to ascertain the principal eon- 
etituent, and also to detect the vai-ioua elements which 
compose the layers, but not to say in what order the 
layers occur. To find the arrangement of the layers, it 
IB necessary to polish the smoothly sawed surface of the 
half, by rubbing for some time on a ground glass plate, 
when the different layers of the stone become distinctly 
visible. After dusting with a cloth, we may easily 
Bcrape aa much powder from each layer by means of a 
pen-knife as will suffice for the test. In this way every 
urinary concretion may be accurately analyzed. Per- 
haps an example may be advantageously given. 

If a bladder-stone has been sawed in half, and by the 
analysis of the dust we have found that two thirds of 
the stone consists of incombustible (inorganic) and one 
third of combustible (organic) constituents ; and also if 
we have proved the presence of uric acid, oxalic acid, 
phosphoric acid, carbonic acid, calcium, magnesium, and 
ammonium ; furthermore, if we have polished the sawed 
surface of the stone, and recognize three distinctly sepa- 
rated and difterently colored layers by means of the 
unaided eye, and find in the centre a kernel the size of a 
pea, which by analysis is found to consist only of uric 
acid, the dark-brown middle layer to consist only of cal- 
cium oxalate, and the outer white layer to be made up 
of the phosphates of calcium and m^nesium, the com- 
plete analysis should be proceeded with as follows : 

Analysis. — ^Take several milligrammes of stone- 
powder and heat it carefully on a piece of platinum foiL 
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After intense heating, observe whether the powder il 
entirely consumed, or whether a residue remains ; hn- 
ther, whether the powder is consumed with a vieibla 
flame, whether it decrepitates (oxalate of lime), 
whether it gives off a characteristic odor, 

I. If the powder is entirely consumed by heat, thftj 
following stone conatituents may be present : Uric aci^; 
urates of sodium and ammonium, xanthine, proteine, and 
cystine. 

(1.) Proteine (fibrine) bums at a red heat with & 
brilliant yellow ilame, and diffuses a strong odor of 
burning feathera or hair. 

(2.) OysUiie bums vpith a weak bluish-white flame, 
and gives off a penetrating smell like burning fat and 
sulphur. The powder is dissolved in dilute ammoni^ 
and shows under the microscope, upon evaporation ofi 
the same, beautiful hexagonal plates. ' 

(3.) Xwnik'ms by the murexide test shows an oranget 
yellow color, and bums without a visible flame. \ 

(4.) UriG add and aodium and ammonvwm. wo/wi 
bum without visible flame, and give with ammonia » 
beautiful red, and with KOH a beautiful violet mo. 
rexide. 

a. The urate of sodium ia distinguished from tl 
urate of ammonium, and from free mic acid, by the fact 
that on the foil upon which it has been heated there 
remains a light cloudiness. If a piece of red litmus 
paper is moistened with distilled water and laid upo»: 
this cloudy spot, a similar blue spot appears on the 
paper. This is caused by the sodium carbonate (c^ 
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caustic soda) which has been fonned by heating the 
urate of sodium. The urate of ammonium and the free 
ttic acid do not give this teat. 

p b. The urate of ammonium is distinguished from the 
free uric acid by the so-called cold ammonia test. This 
is accomplished as follows : Take a small test-glass, and 
to 0*l-0'2 gramme of the powder to be tested add a few 
drops of a concentrated solution of KOH, This glass is 
then covered by a watch-glass which has on the convex 
surface a small piece of wet red litmus paper ; if after 
a few minutes the paper becomes blue, ammonia is pres- 
it. 

. Free uric acid gives naturally a negative result 
with the litmua test. 

II. K the powder is partially conaumed, or is un- 
altered by heat, the stone consists essentially of calcium 
and magnesium salts. Then the following constituents 
may be present : Calcium oxalate, calcium carbonate, 
■Hdcium phosphate, and ammonio-magnesium phosphate. 
■ (1.) Calcium oxalate does not effervesce upon the 
addition of a drop of HCl. By intense heat this 
powder shows a peculiar glow and decrepitates slightly. 
The oxalate of calcium is by this means transformed 
into the carbonate of calcium ; and if now a drop of 
HCl is added there ensues a brisk effervescence. 

(3.) Calcvmn carbonate effervesces upon addition of 
HCl without first heating. (By this it is distinguished 
im the oxalate.) 

(3.) Calcmm phospliatea and the ammonio-magne- 
■m phosphais do not effervesce upon the addition of 
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a di'op of HCl, either before or after incineration. (B 
this they are distinguished from the carbonate and ox-1 
alate.) The incinerated powder is readily soluble in 
HCl. If we add to this solution ammonium hydrate 
[(NH4)0H] drop by drop until the solution has be- 
come alkaline, there appears a white flocculent precipi- 
tate, which consists of the amorphous basic calcium 
phosphate and the crystallitie ammonlo - magnesium 
phosphate. Under the microscope tbe triple phos- . 
phate appears in stars or oblique crosses, while thel 
calcium phosphate appears amorphous. Accordingly, | 
from this precipitate we may conclude whether the 
calcium or the ammonio-magnesium phosphate is pre- 
dominant by the relative amounts of the amorphous J 
and crystalline precipitates. 
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CHAPTER IV, 

REAGENTS AND APPARATUS FOR THE APPROXIMATIVE 
DETERMINATION OF THE CONSTITUENTS OF THE 
URINE. 

REAGENTS* 

Since the physician generally procures his reagents 
from the apothecary, for the sake of convenience we 
give the prescription formulaB. For these reactions it is 
best to employ glass-stoppered bottles with wide necks, 
with a capacity of 250 c.c. 

A. Acids. 

1. Acid hydrochloric, concent., c. p., 200 grms. 

2. Acid sulphuric, concent, c. p., 200 grms. 

3. Acid nitric, concent., c. p., 200 grma 

4. Acid acetic, concent., c. p., 200 grms. 

B. Bases cmd Salts. 

5. Potass, caust, alcohol dep., 100 grms. 
Aqua dest., 200 grms. 

6. Ammon., c. pur., liquid, 100 grms. 



fia 30 grms. 
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7. Barii chlorid. cryst, 30 grma. 
Aqua dest., 200 grms. 
Acidi hydrochlor., 10 grma. 

8. Plumb, aeet. cryet., 30 grms. 
Aqua dest, 200 grms. 

9. Cupri STilphat., 30 grms. 
Aqua dest., 200 grms. 

10. Magnes. sulphat., 
Sal ammoniac, depurat. 
Aqua dest., 200 grms. 
Ammon. c. pur., liquid, 50 grms. 

11. Ai^ent. nitrat., 5 grms. 
Aqua dest,, 40 grms. 

For the latter reagents a pipette is advantageous. 

12. Red and blue litmus paper in strips. 

Besides these necessary reagents, the following nn 
be employed for special cases : Distilled water, ferric I 
chloride, basic acetate of lead, mercuric nitrate, basic | 
nitrate of bismuth (magist, bismuthi), fuming nitric acid, 
potassium nitrite, starch, chloroform, ether, alcohol, 
iodine in iodide of potassium solution, acetic acid, 
dium chloride, and zinc chloride. 



1. Six test-tubes, with rack. 

2. Ten wine-glasses or small t 

3. Cylinder glasses of 100, 200, and 300 
pacity. 
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4. A graduated glaas. 

5. A 100 C.C. flaak, with a glass tube through the 
cork. 

6. A wash-bottle for distUled water. 

7. A urinometer. 

8. A spirit lamp. 

9. Two small porcelain evaporating dishes. 

10. A ring stand with two rings. 

11. Filter paper. 

12. Four glass funnels for filtering. 

13. Glass rods. 

14. A microscope with appurtenances. 

15. A large beaker of 3,000 to 4,000 c.c. capacity. 

For special cases we must have watch-glasses, beaker- 
glasses, and pipettes ; and for quantitative examination, 
a delicate pair of scales. 
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CHAPTER V. 

QUANTITATIVE DETERMINATION OF A FEW OF THE 

CONSTITUENTS OF THE URINE. 

Ae a first step toward the quantitative investigation, 
the entire mass of the excreted urine must be collected 
for a given time. Usually the amount for twenty-four 
hours ia collected, but it must be observed that before a 
stool one should urinate, that none be lost by being 
mixed with the faeces. It ia inadmissible to attempt to 
determine the amount for twenty-four hours from the 
quantity collected in one hour (p. 36). 

The urine should be collected in graduated cylinders, i 
For lai^e amounts one may graduate a vessel himsell I 
Take a flask containing 1 litre of water at 15° C^ 
and pour into the cylinder to be graduated, making a 
mark on the glass at the surface of the fluid, i-epeating 
this as often as necessary. 

If one desires to ascertain the mean amount of the 
urine excreted by aa individual, the total amount should 
be collected for several days, and the quantity be di- 
vided by the number of days. 
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L ESTIMATION OP THE DEQEEE OF AOTDrtT. 

In order to ascertain the degree of acidity of the 
urine, we add Na OH to the same until it reaches the 
point of neutralization, and then compute how much 
acid (we usually employ oxalic) is required to neutral- 
ize the quantity of sodium hydrate used. 



jes a. votumeinc Solution. 

'^ We employ a one-tenth Na OH solution, which in 
J 1 cc. contains O'OOSl grm, Na^O, which ia sufficient to 
'J neutralize 0'0063 grm. of crystallized oxalic acid. If 
V; we employ normal sodium hydrate, we add 10 times its 
C;^ volume of distilled water. (Description of normal 
sodium hydrate, Mohr, " Titrirmethode," 4th edition, 
^j.83.) 



We pour exactly 100 cc. of urine into a beaker-glass, 
and add while stirring the sodium-hydrate solution drop 
by drop from a burette, until a drop of the urine on red 
litmus paper shows no blue and on blue litmus paper no 
red spot. The number of e.c. of NaOH solution added 
(say 14) we multiply by O'OOOS, and the product 
(0'0882 grm.) shows the acidity of 100 c.c. of urine 
L in ciystallized oxalic acid. 



n. ESTIMATION OF THE SOLID MATTEES. 

Id order to estimate the solid matters, we take 10 
•^ of urine in a weighed porcelain dish, and evaporate 
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on a water-bath to dryness. It ehould then "be kept for 
an hour in a drying chamber at 100°, and then allowed 
to cool in a desiccator. We now weigh and replace 
the dish in the drying chamber, weighing again at the 
expiration of an hour after cooling as before, repeating 
this until there is no variation in weight. ■ The differ- 
ence of weight between the empty dish and that con- 
taining the solids is the weight of the solid matters in 
10 c.c. of the urine. Unfortunately the result is always j 
too small, for the action of the acid sodium phosphate \ 
on the urea at this temperature decomposes the latter, 
and ammonia and carbonic acid are driven off at the J 
same time with the water. 

It is seldom that the physician employs this means J 
for the investigation of the amount of eolida, for by , 
using Hilser's or Trapp's coefficients as satisfactory i 
suits are obtained, at least for him. (See p. 39.) 



m, EBTEWATION OF UREA. 



1. Ba/ryta solution. — One volume of a cold saturated 
solution of barium nitrate is mixed with two voliunea 
of a cold saturated barium hydrate solution. 

2. Volumett-ic mercuric reagent. — This is a solution 
of mercuric nitrate (in which there must be no basic 
salt or mercurous compound), of such concentration that 
in 1,000 C.C. of the solution 7l'48 grms. of pure mercury 



mercury ^^H 



QUAJ^TITATIVE DETERMINATION. 20S 

f or 77'2 grras. of pure mercuric oxide (dried at 100°) 
I are contained. See Neubauer and Vogel, 1. c, 183 ; 
Mohr, 1. c, 48, 1.) 

I. Sodium carboTiate solution. — For Eaudenberg's 
' modification we employ sodium-hydrogen carbonate. 



h. Method of Procedure. 
We take up 40 c.c. of urine in a pipette, and add 2 



Here, . 



I all other < 






C.C. of the baryta solution. 
of quantitative work, the greatest care muat be exer- 
cised. In the pipette there should be no foam, and one 
should read the division mark on the pipette which corre- 
Bponds to the lower edge of the meniscus. We must be 
especially careful that none of the fluid be lost. If we 
have treated the urine with the baryta solution, the pre- 
cipitate of phosphates and sulphates which has eepar 
rated should after some time be filtered off, using a dry 
filter-paper and allowing the fluid to run through into 
a dry beaker. The filtrate is therefore one third baryta 
solution and two thirds urine from which the sulphates 
and phosphates have been removed. We now take 
15 c.c. of this clear fluid by using a pipette, and allow 
it to flow into a diy glass vessel. Thi% contains 10 c.c. 
of urine. Now, from a burette filled precisely to the 
zero point with the mercuric nitrate mixture, we add 
about as many cubic centimetres of the mixture as are 
denoted by the last two flgures of the specific gravity of 
the urine (i. e., 15 c.c, if the specific gravity ia I'OIS), 
and try whether the limit haa been reached. For this 
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purpose we place a drop of tBe well-stirred mixture by ' 
means of a clean glass rod on a glazed white porcelmn 
plate, and in the centre of this drop add a small drop of 
a concentrated solution of sodium carbonate. If there 
occurs at the rim of contact of the fluids no rusty brown 
zone, we proceed to add more of the mercuric nitrate 
solution. If, however, even a faint rusty brown ring 
occurs, we know that the limit has been reached. 

The first effect of the addition of the mercuric 
nitrate is an exchange of bases with the alkaline 
chlorides present, forming Hg CIj (corrosive sublimate) 
and an alkaline nitrate. The chlorides having been 
thua disposed of, the excess of mercuric nitrate com- 
bines with the xirea, forming 2C0 H4 Nj, Ng O5, 4HgO, 
which is a white precipitate. This precipitate dissolves 
to some extent in a slight excess of acid, from which it 
may be brought down white by rendering the solution 
neutral, on adding sodic carbonate. As soon, however, 
as the urea is all satisfied, a further addition of the mer- 
curic compound remains in the solution, and then gives 
a yellowish or brownish precipitate of basic mercury 
salt on neutralizing vrith the sodic carbonate, and the 
end of the reaction is indicated. Since the presence of 
chlorides deprives the mercuric nitrate of its power to 
precipitate the urea, the determination is inaccurate in 
so far as chlorides are present. For that reason the 
mercury solution is made a little stronger than the 
theory requires. If the urine contains 1 to IJ per cent 
of sodium chloride, 2 c.c. of the mercury solution must 
be subtracted from the amount used to give approxi- 



^ I 



QUANTITATIVE DETERMINATION: 



205 



I 
I 



mately accurate results, assuming that 15 ex. of the 
urine is used.* The property which the cHorides pos- 
Besa of destroying the precipitating power of mercuric 
nitrate upon the urea may be used to determine the 
amount of chlorides present.^ 

When the mercmic-nitrate solution has been added 
in sufficient quantity, we allow the burette to stand for 
several minutes, and then read off how many cubic cen- 
timetres had been used. 

The reagent Is so compounded that 1 c.e. of the solu- 
tion satisfies 10 milligrammes of urea. If we have em- 
ployed 20 C.C. of the reagent, then is 1 c.c. : 10 nul- 
20 cc. : X (^ 200 milligr.). Consequently, if 
we have used 20 cc. of the mercuric reagent, then must 
200 milligr. of urea have been present, which has en- 
tered into combination with the mercury. This was 
contained in the 15 c.c. of the urine and baryta mixture 
(which contained 10 cc. of urine). We have therefore 
as a consequence : 

In 10 cc, of urine are 200 milligr. of urea ; so in 
:1,250 cc. (the amount for twenty-four hours) we have 
10 : 200 : : 1250 \ x{ = 25,000 milligr, — 25 grms.). 

1, Since the mercuric reagent is intended for a 2 per 
cent, urea solution, we only obtain exact results when 
to 15 cc of a 2 per cent, urea solution we add exactly 
30 cc of the reagent ; for 1 cc. satisfies exactly 10 mil- 
ligr, of urea. 

Each cc. of the reagent requires 72 milligr. of HgO, 

* Kenbaner and Vogel, seonnd edition, 16GG, p. 106. 
t Neabaner and Vogel, p. 04. 
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according to the computation, in order to combine with 
10 milligr. of urea. In addition, however, a certain 
excess of HgO ia necessary for the final reaction. Ac- 
cording to Liebig's calculations, this amounts per c.c 
to 5*2 milligr. j hence in 30 cc. we have 30 X 5'3 = 
156 milligr. (excess of HgO). If we have added to 
15 c.c. of the 2 per cent, urea solution 30 c.c. of the 
volumeti-ic reagent, then the mass of the mixture con- 
sists of 45 cc, which contains 156 milligr. of excess of 
HgO ; that is to say, each cc. contains 156 -^ 45 ^ 3*46 
milligr. Therefore for a distinct final reaction every cc 
of the mixture must contain 3'46 miUigr. of HgO. 

If 15 cc. of the urea solution contains 3'5 per cent. 
of urea, this would require 52'5 cc. of the volumetric 
mercuric reagent. The mixture consists of 15 -|- 52-5 = 
67'5 cc. In the 52-5 c.e. of the volumetric reagent are 
52'5 X B"2 = 273 milligr. of excess of HgO ; hence in 
every cc there are 4-04 milligr. The final reaction 
occurs, however, with 3;46 milligr. In this case we have 
consequently 0*58 milligr. per cc. too much free HgO. 
Therefore the final reaction would occur sooner. 

If, on the contrary, the solution contained but 1 per 
cent, of urea, we would have an error in the opposite i 
direction. 

In order to eliminate both errors we proceed as fot \ 
lows : 

(a.) If more than 30 c.c. of the volimietric reagent 
have been employed, before the sodium carbonate test 
we must add one half as many cc. of water, as the ex- 
cess in cc. of the volumetric mercuric reagent we have 
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I employed ; ie., Laving used 52'5 cc. of tlie reagent, we 
[ add ^^^^^11 e.c. of water to the mixture before the 
f soda test. 

(J.) If less than 30 ex. of the fluid have been em- 

[ ployed, for every 5 cc. leea than 30 we must deduct O'l 

cc. from the amount used. For example, we have used 

3 cc, (10 cc. less) ; consequently, we employ 20 — 0-2 

- 19'8 cc. in the computation. 

2. If the m"ine contains from 1 to 1'5 per cent, Na CI, 

[ A greater quantity of the volumetric mercuric reagent 

required. If without correction we estimate the 

[ orea, we find the quantity (15 to 25 milligr,) too great. 

f In order to correct this error, we subtract 2 cc from 

I the amount of the volumetric mercuric reagent used, 

I For example, if we have employed 30 cc. of the reagent, 

3 — 2 =^ 28 cc. must be used in the computation of 

1. urea. 

If the absolute amount of urea alone concerns us, 
without considering it relatively, we must either preci- 
pitate the Na CI by means of a nitrate of silver solution 
or by Rautenberg's method. For this we take two 
I samples of urine 15 cc each, and render one weakly 
[ acid with HNOg. We then drop in the volumetric mer- 
curic reagent until a permanent turbidity ensues. Then 
' we note the number of cc. we have employed, and then 
with the other sample make a determination of the 
I amount of urea after Liebig's method. The mixture, 
[ 'however, must be made neutral by addition of freshly 
I precipitated calcium carbonate. For the final reaction 
,we employ, instead of the soda solution, sodium-hydro- 
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gen carbonate in water (see p. 203). From the number 
of C.C. we have employed in the last test we subtract the 
number used in first sample, and from t}ieir difference J 
we estimate the urea. If in the first sample we used 1-Q 1 
C.C, and in the second 31 c.c,, we then employ in the de-J 
termination 31 — 1-5 = 29"5 c.c. 

3, If albumen is present in the urine, a stoppered 
flask of 200 CO. capacity should be employed, and the 
urine after the addition of a few drops of acetic acid 
should be heated imtil the albumen has separated in I 
flakes from the clear urine. After closing the flask and i 
allowing it to cool, the filtrate should be used in the 1 
usual manner. 



.'« Me^od (Bunge). 

This is only applicable to urines free from albumen ' 
and sugar. By it 50 cc of urine are treated with 25 
cc. of a saturated ammoniacal barium-chloride solution, 
and filtered through a thick filter-paper ; then 15 cc. of 1 
the mixture (containing 10 c.c. of urine) are poured into I 
a thick-walled tube eo that the sides are not sprinkled I 
by the mixture. At the bottom of the closed tube have \ 
been placed about 3 grms. of crystallized chloride of 
barium. After the urine has been added, the tube 
should be sealed about three fingers above the fluid. 
The tube is now placed in an oil-bath and heated for six 
hours at a temperature of 220° to 240°. After cooling, i 
the point of the tube is broken off, and the resultingj 
barium carbonate is placed upon a filter and carefullyj 
washed, then dissolved in a proper amount of HCLI 
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Should some of the barium carbonate, after the washing 
of the tube with water, still adhere to the sides, it should 
be dissolved by a drop or two of HCL The united solu- 
tions are then filtered, and the filtrate is precipitated 
with HaSO^. After some time the precipitated barium 
sulphate is collected on a filter, washed, heated to red- 
ness, and weighed. 

Since 233 grms. of barium sulphate correspond to 60 
gnns. of urea, the weight of the urea may be estiuiated 
by a simple calculation. 

3. Knop-Hufner's Method. 



1. Knop'a fluid (hypobromite of sodium). In 250 
c.c. of water 100 grms. of caustic soda are dissolved, and 
after cooling 25 c,c. of bromine are added. This should 
be freshly prepared. 

2. Cold saturated chloride of sodium solution. 



b. Mode of Procedure. 
The lower bulb and stopcock of Hiifner's apparatus 
(the capacity having been accurately determined) are 
filled with a mixture of 10 c.c. of urine diluted with 
40 C.C. of water. The cock is then closed, no bubbles 
being allowed to remain. The second and lai^er bulb, 
connected by means of the stopcock with the lower 
bulb and opening above into the basin, is now washed 
with water and filled with Knop's fluid, diluted with an 
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equal volume of water. The basin ia then sufficiently 1 
filled with the sodium-chloride solution, and the eudi- j 
ometer filled with water ig inverted, the mouth below 1 
the surface of the sodium chloride solution in the basin, I 
and placed over the narrowed neck of the second bulb, J 
being retained in this position by the clamp abova, | 
The stopcock is then turned, and for a few minutes a \ 
violent evolution of gas is observed. After an hour the ] 
eudiometer may be withdrawn and the amount of the 
contained nitrogen estimated by Dumas's method. One ] 
gramme of urea furnishes 370 c.c. of nitrogen, at 0° C, I 
and under 760 mm. pressure. 

[A description of a ureometer devised for the rapid ] 
estimation of urea, by Prof. Charles Doremua, which is 
the simplest and most reliable method for approxima^ 
tive tests, is given in the "Journal of the American , 
Chemical Society," Vol. VII., No. 3, 1885, and also in j 
the " New York Medical Record," Vol. XXVIL, NoJ 
11, p. 307.] 



IV. DETEEMINATIOH' OF FRIC ACID. 

To 300 c.c. of urine are added 10 e.c. of HCl; the 
mixture is stirred briskly with a glass rod and allowed 
to stand forty-eight hours in a cool place. If the urine 
contains albumen, it should be removed by the method 
given on p. 208. If it contains sugar, 500 c.c should be 
treated with mercuric acetate, and the precipitate washed 
upon the filter, then suspended in a little water and 
treated with hydrogen sulphide. The mercuric 
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phide ie tlien washed with warm water, .ind the united 
waah-waters and filtrate treated with HCl. 

The aeparated uric-acid crystals ehould be collected 
on a weighed filter-paper which has been washed with 
HCl and water and dried between two watch-glassea at 
a temperature of 100° C. 

By collecting the uric acid the work is essentially 
lightened. The crystals lie mostly on the bottom of the ^- 
glass ; a part, however, adhere to the walla, and a few of v 
the smallest float on the surface. Since the uric-acid ^• 
crystals have a high specific gravity, they precipitate 
very quickly (after one to two minutes). Those cling- 
ing on the aide walls may be disturbed by means of 
a goose-feather clipped except at the end. The dis- 
engaged crystals settle very quickly, so that one may 
eaflily decant the clear fluid above into another cylinder, 
and bring the remaining fluid and the precipitate upon 
a small filter. Should any of the crystals go over with 
the decanted fluid, they quickly settle, and may be saved 
and brought upon the filter by decanting again. We 
, decant in this way until no more crystals remain in the 
urine. If the crystals are very small, recourse must be 
had to filtration. 

The crystals ai'e then washed with water until 
Ag NOg no longer renders the filtrate cloudy. It is a 
good precaution not to employ more than 30 c.c, of 
water ; otherwise some of the uric acid mil be dis- 
solved. If more than 30 c.c, ia used, for each e.c. one 
must add 0'045 milligr. to the amount of uric acid deter- 
mined. 
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When the uric acid has been wasted, it should be 1 
dried for several houra between watcb-glasaea at 100° j 
C, then cooled in a desiccator and weighed. t 

The difference between tbe weight of the watch- i 
glasses when empty and when containing the uric acid I 
gives the weight of the uric acid contained in 300 cft .] 
of urine. 

Schwanert recommends as a correction, for every I 
100 c,c. of urine, 0-0048 grm. to be added. 

T. DETERMINATION OF CEEATINrNE, 



1. Chloride of zinc solution. Pure zinc oxide is dis- 
solved in pure HCl, and the solution evaporated on a 
water-bath (until no free HCl is present) to a thick 
sirup. This is dissolved in strong alcohol, and the 1 
solution diluted until it has a specific gravity ^ 1'200. 

2. Milk of lime, which is stirred up before using. 

3. Diluted chloride of calcium solution. 



b. Mode of Procedure. 
We render 200 c.c. of ui'ine alkaline with milk of 
lime, and add diluted chloride of calcium solution as 
long as a precipitate forms. After two hours we filter 
and wash the residue, then quickly evaporate the wash- 
water and filtrate on a water-bath to a thick simp. 
While it is yet warm, 50 c,c. of 95 per cent, alcohol are ' 
added to the mixture, and the same la transfeired to a j 
beaker-glass — washing the dish with a little alcohol— J 
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and allowed to stand for eight hours. Then the mix- 
ture is filtered through a small filter and the residue 
washed with more alcohol. The united filtrates are 
then evaporated down to 60 c.c. After cooling, \ c.c. 
of the above-mentioned chloride of zinc solution is 
added, and the mixture stirred briskly with a glass rod 
until turbidity occurs. It is then allowed to stand 
forty-eight hours in a cool place. We now collect the 
separated creatinine chloride of zinc on a small filter, 
and weigh after washing (as by the described method 
for uric acid). In 100 parts of creatinine chloride of 
zinc are 62'44 parts of creatinine. 

VL DETERMINATION OF THE TOTAL AMOTTNT OF NITBO- 
GEN. 

The chief amount of nitrogen in the urine is con- 
tained in the urea, and since, in Liebig's method for the 
separation of the same, other bodies containing nitrogen 
fall in connection with the urea, so in the greater num- 
ber of observations the amount of nitrogen present may 
be calculated approximatively from Liebig's determina- 
tion of urea. 



1. Freshly calcined soda-lime. 

2. Nonnal sulphuric acid, which contains 40 grms. 
of anhydrous acid in every litre. Each c.c. con-esponds 
to 0'014 grm. of nitrogen. (" DarateUung," Neubauer 
and Vogel, 1. c, p. 246 ; Mohr, L c, p. 74.) 

3. Sodium hydrate, which is an equivalent of the 
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HjS04 ; i. e., 10 C.C. of the oue must exactly neutralize ' 
10 e.a of the other. 

4. Tincture of litaius. 

h. Mode of Procedure. 

Pour 20 C.C. of normal HaS04 carefully into a Var- 
rentrapp and WiUs* nitrogen bulb apparatus. In a 
strong flask of 100 c.c. capacity, containing a layer of 
eoda^lime 2 c.c. thick, is poured 5 e.c. of urine, and the 
flask quickly closed with a double-perforated stopper 
and buried to the neck in a sand-bath. Througb one of 
the perforations a tube leads to the nitrogen apparatus, 
and the other ia supplied with a finely drawn-out sealed 
glass tube. The sand-batli is heated aa long as bubbles 
pass through the nitrogen apparatus. "When these cease 
the end of the glass tube is broken off, and all the am- 
monia is drawn from the flask by careful aspiration. 
Now pour the contents of the nitrogen apparatus into a 
beaker-glass, wash well with water, add a few drops of 
litmus tincture, and then add the sodium-hydrate solu- 
tion from a burette until the red color changes to 
blue. 

If no ammonia had been generated by the distillation 
of the mine, 20 c.c, of the sodium hydrate would have 
to be added to neutralize the 20 c.c. of H3SO4. If 14 
c.c. is however found to be sufficient, we know that 6 
c.c. of HjSOi have been satisfied by the ammonia formed. 
Since 1 c.c. of the acid corresponds to 0*014 grm. of 
nitrogen, then the total amount of nitrogen which 
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gone to form ammonia would be 6 X 0'014 = 0'084 gnn. 
This would be given off by 5 c,e. of urine. Hence, if 
we had employed tlie whole amount of urine excreted 
ia twenty-four hours (say 1,500 c.c), we would have the 
amount indicated in the proportion 5 : 0*084 : : 1,500 : w, 
= 25'2 gi'ma., which is the total amount of nitrogen ex- 
creted in twenty-four hours. 



TH. DETERMINATION' OF ALBUMEN'. 

Pour into a beater-glaas 100 c.c. of filtered urine if a 
slight amount of albumen is present, or 50 c.c. if a mod- 
erate amount is present, or 20 c.c. ii rich in albumen. 
In the second case add 50 cc, and in the last 80 c.a of 
water, and heat for half an hour on a water-bath. 
Should the albumen not have separated in large flakes, 
then one or two drops of acetic acid should be added 
and the heat again applied. As soon aa the fluid has 
become cleai- it should be filtered through a email plaited 
filter-paper which has been previously weighed (see uric 
acid determination, page 210), taking care that all the 
■ coagula should be brought upon the filter, if necessary 
by the aid of a feather, and the beaker washed with hot 
water. Then the coagulated albumen should be washed 
into the point of the filter, and further washed with hot 
water until chlorides can no longer be detected in the 
filtrate by the AgNOg test. Then dry between watch- 
glasses at 100° until no loss of weight is observed. The 
determination of the total amount excreted in twenty- 
four houi's is easily calculated from this. 
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If one baa a good polarizing apparatus, tlie amountS 
of albumen may be easily determined, provided na 
sugar i 



Vin. DTTTEEMrNATION OP 81JGAE. 

1. FehUng's Method. 

a. Volumetric Solution. 

Fehling's solution. In 1,000 cc, there are 34'639 
grms. of cupric sulphate, 173 grms. of pure crystalline 
tartrate of sodium and potassium, and 500 grms. of 
caustic Boda solution of specific gravity 1'12. ("Dar- 
stellung," Neubauer and Vogel, L C; 206.) Of this so- 
lution 10 cc. are reduced by 0'05 grm. of sugar.* 



b. Mode of Procedure. 

The determination depends upon the property that J 
grape sugar possesses of reducing the cupric sulphate In | 
the presence of an alkali. For this investigation a small I 
amount of filtered urine is taken which has been largely i 
diluted with watei-, utiless it has previously been ascer""! 
tained that only traces of sugar are present. Usually i 
10 cc. of urine and 190 cc. of water are employed. A | 
burette is filled with this mixture exactly to the zero | 
mark. Then 10 cc. of Fehling's solution are poured 

[• This fluid is best preservod by being pnt into small vials (20-80 o 
capacity) and kept in the dsrlt. Before using as & qaantitativo teat ■ 
portion should be boiled, and if s. precipitate occur the liquid shonld b« 
fresb!; prepared. The liquid teat ia preferable to the pellets now on the 
market.] 
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into a flask or porcelain dish and diluted with 40 c.c. 
of water, then heated over a flame, having previonsly 
protected the flask with a piece of wire gauze, As 
soon as the copper solution begins to boil, the urine is 
added drop by drop from the burette. Soon the fluid 
becomes yellow, then red, and finally the last trace 
of the blue color disappears, and the red suboxide of 
copper rapidly subsides when the source of beat ia re- 
moved. If allowed to stand for some time, the origi- 
nally blue solution is seen to be colorless, or slightly 
yellow if more urine has been added than was neces- 
sary for the reduction of the copper. The entire loss 
of color of the fluid is consequently the limiting point 
of the reaction. 

Since with the unaided eye it ia not easy to deter- 
mine when the fluid is colorless* and inclined not to 
any tint whatsoever, it is advantageous to pass a few 
drops of the fluid through a small Alter and divide 
the filtrate into two parts, one of which after acidify- 
ing with acetic acid is tested for copper with ferrocy- 
anide of potassium, and the other with Fehling's solu- 
tion for sugar. If by this method we obtain no re- 
action for either copper or sugar, neither is present in 
excess, and consequently the limiting point of the re- 
action has been reached. 

In the determination of the amount of sugar, the 
quantity of urine employed must be known. If 25 c.c. 

[* Pavy !]ii3 modified this test by the addition of ammonia to prevent 
the precipitation of the red oxide, which renders it difficult lo distinguish 
the point of final reaction. For an aoconnt of hia method, also called the 
" wnmonio-cnpric," see "London Lancet," March 1, 1884, p. 3T6.] 
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of tbe urine mixture were necessary 'to reduce 10 aa?I 
of Feliling's solution, the urine mixture being so madet 
up that in 200 c.c. of it there were contained 10 e.c 
of urine (the remainder water), then If a; ^ amountU 
of urine in 25 c.c. of the urine mixture (the amountJ 
employed), we would have 200:10 ;: '2a\x=^V25 c.c.l 
of urine. 

In thia ease 1*25 c.c. of the urine was necessary to I 
reduce 10 c,c. of Fehling's solution. Now this solution. J 
ia so constituted that for the complete reduction of J 
10 c.c. of the same it is necessary to have 50 milligr. J 
of sugar. Since, however, 1*25 c.a of the urine has j 
effected this reduction, it ia certain that this quantity! 
muat have contained 50 mUligr. of grape sugar. Hence I 
it is easy to calculate the sugar in the entire amount I 
for the twenty-four hours. 

If, for example, a diabetic patient had excreted | 
5,000 C.C. of urine, we would have 1'25 c.c : 50 milligr. 
: : 5,000 c.c. : x = 200,000 milligr., or 200 grraa. of sugar. 

If albumen is present, it must be separated before- 
hand in the usual manner. 

2. Knaf^% Method. 

a. Volumetric Solution. 

Ten grms, of pure dried mercuric cyanide are i 
solved in some water ; 100 c,c. of sodium hydrate (ape- ' 
cific gravity 1'145) are added, and the whole diluted to ' 
1,000 C.C. ; 40 c,e. of this solution are reduced by 100- i 
milligr. of sugar. 
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h. Mods of Procedwe. 

Forty cc. of the volumetric solution are heated in a 
beaker-glass, and urine added as in Fehling's method 
until the originally turbid mixture becomes clear and 
yellowish. From time to time a drop of this ia thrown 
on a filter paper and touched with a rod dipped in am- 
monium sulphide. As soon as the spot no longer shows 
a brown edge, the reaction is complete. The method 
does not give quite as accurate results as Fehling's. 

The fermentation method is more complicated and 
unreliable than Fehling's, Very exact results are ob- 
tained by Soleil-Ventzke's saccharimeter or Wild's po- 
laiistrobometer.* 



b 



IX. DETEEMINATIOK OF CHLORINE. 

1. Mohr's Method. 



1. Cold saturated solution of neutral chromate of 
potassium. 

2. Volumetric nitrate of silver solution, which con- 
tains in the litre 29'075 gims. of nitrate of silver (18*469 
grms. Ag), so that 1 cc. of the same corresponds to 10 
milligr. of sodium chloride (= 6'06o milligr. chlorine). 
(Neubauer and Vogel, 1. c, 194.) 

Calcium cai'bonate, freshly prepared. 

h. Mode of Procedure. 
Ten C.C. of urine are poured into a platinum crucible, 
L 2 gnnB. of potassium nitrate free from chlorine are 

* See deBcriptiou of Ultzmanii's aaccliarinieter, p. SOI. 
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added, and the fluid evaporated on a water-batli to dry- 
ness. Heat the residue first gently, then intensely, over 
a Bunsen's burner, until the fused mass contains no car- 
bon (is white). The slag is dissolved in water and the 
dish carefully washed. Solution and wash-water are 
put in a beaker and treated carefully with a much 
diluted nitric acid, free from chlorine, until the fluid 
possesses a weakly acid reaction, which is again neutral- 
ized by freshly precipitated calcium carbonate. With- 
out regard to the sediment, three drops of the potassium- 
chromate solution are added, and the volumetric fluid 
then allowed to run in from a burette. As soon as the ■ 
yellowish solution becomes reddish, it is a sign that, 
all the chloride of sodium has been changed to silver 
chloride, and the formation of the red silver chromate 
begins. At this point the reaction is complete. 

If to 10 C.C. of urine employed 9-6 c.c. of the volu- 
metric solution has been added, since 1 c.c. of the same 
corresponds to 10 milligr. of Na CI, 9-6 cc. shows 96 
milligr. of chloride of sodium. 

If in 10 cc. of urine 96 milligr. of Na CI are con- 
tained, then in the twenty-four hours' amount, i. e., 
1,400 cc, we would have 10 : 96 : : 1,400 : x = 13-44 
grms., of Na CI in the amount for twenty-four hours. 

Should the patient have taken an iodine or bromine 
preparation previous to the investigation, this will 
quickly pass into the urine. In order to correct the 
disturbance from this cause, the solution of the slag is 
acidified with HNOg, and a few drops of a solution of 
potassium nitrite are added in order to make certain the 
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separation of the iodine. It is then shaken up with 
carbon disulphide until this no longer takes up iodine 
(or bromine) ; the solution is then neutralized with 
sodium carbonate, evaporated, and treated as above. 
(Salkowski.) 

Falck's method is founded upon the precipitabUity 
of ffulpho-cyanates, and the property of deprivation 
of color which AgNoj has over the red feixic sulpho- 
cyanate. 

X. DETERMINATION OF PHOSPnORIC ACID. 



1. Sodium-acetate solution : 100 grms. of acetate of 
sodium are dissolved in 900 c.c. of water, and to that 
solution 100 C.C. of acetic acid are added. 

2. Uranium nitrate solution, 1,000 c.c. of which 
must contain 20-3 grms. of pure uranic oxide: 1 c.c. 
corresponds to 5 miUigr, of phosphoric acid, (Neu- 
bauer and Vogel, 1. c, 199.) 

3. Ferrocyanide of potassium solution. 

b. Mode of Procedure. 
Fifty C.C. of the urine to be investigated are poit 
into a beaker-glass and 5 c.c. of the sodium-acetate solu- 
tion are added. This mixture ia then warmed on a 
water-bath. When the urine is warm, the uranium 
solution is added drop by drop as long as a precipitate 
is observed. K this can not be recognized with cer- 
tainty, the mixture must be stirred up, a drop bi-ought 
upon a porcelain plate, and a drop of a very dilute solu- 
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tion of potaasimn ferrocyanide added. If a brownis 

red color appears at tlie line of contact, tlie addition ■ 
the uranium solution must be discontinued, and tlie dish 
placed again on the water-bath until the mixture sim- 
mers. Then we tiy again whether the limit of the 
reaction has been reached ; usually this is not the case, ] 
so the uranium solution is dropped in until the end of 
the reaction is reached. The limit of the reaction occurs 
when all the phosphoric acid has been precipitated by 
the uranium solution. After this condition is reached, I 
the nest drop of the uranium solution, finding no phos- 
phoric acid, fonns a brown precipitate with the feiTo- 
cyanide of potassium. 

If we have used 13 c.c. of the uranium solution, 
then, since 1 c.c. of this satisfies 5 milligr. of phosphoric 
acid, we have the proportion, 1:5 : : 13 : ic = 65 milligr. 
The 65 milligr. are contained in 50 c.c. of urine ; hence | 
for the entire phosphoric acid in the twenty-four hours' 
amount we have the proportion, 50 ; 65 ; : 1,300 : a; = I 
1,690 milligr., or 1.69 grm. phosphoric acid. 

If we wish to determine the phosphoric acid in comi- \ 
bination with the earths, 200 c.c. of urine are precipitated J 
with ammonia and collected after twelve hours on a ] 
filter, and washed with ammonia water (1 part ammonia | 
and 3 parts water). The filter is then broken at the 
point, and the precipitate washed down with a stream 
of water from a wash-bottle into a beaker-glass, and dis- 
solved while warm with as little as ] 
acid. Add 5 cc of sodium-acetate solution, diluted 1 
50 cc, and proceed as above. 




i9, and die- ^^J 
■-. of acetic ^^| 
diluted to.^^1 



QnANTITATIYE DETERMINATIOK 

Of course the difference between the total amount 
of phosphoric acid and the amount in combinatioa with 
the alkaline earths will be the quantity combined with 
the alkalies (K.Na and '^11^. 



XI. DETERMIHATION OF SULPHURIC ACID. 

One hundred c.c. of urine are heated with chloride 
of barium solution after acidification with HCl, and the 
precipitate of barium sulphate is brought upon a small 
filter-paper, the weight of whose aah is known, and 
washed until the filtrate gives no baryta reaction. Then 
the filter-paper and precipitate are incinerated in a plati- 
mom crucible, moistened with a few drops of sulphuric 
acid, and again heated to redness. After cooling under 
a desiccator the mass is weighed. If the weight of the 
crucible and the aah of the filter is subtracted from the 
total weight, we have the weight of the barium sul- 
phate, from which the weight of the H^SO^ may be 
easily calculated, since in 100 weighed parts of barium 
sulphate are contained 34'33 parts of sulphuric acid 
(SO.). 

The amount of sulphuric acid may be determined 
volumetrically, although this method is attended with 
much complication and is seldom employed. 

For the seldom used quantitative determination of 
the alkalies and alkali-earths, of indican, ammonia, biliary 
acids, and iodine, the works of Neubauer and Vogel, 
Hoppe-Seyler, etc., may be consulted. 



CHAPTER VI. 

KET TO TEE APPROXIMATIVE ANALYSIS OF URINE. 

After the urine has been allowed to stand some] 
houTB, its physical characteristics should first be obaerved.1 

1. The twenty-foui" hours' amount. 

2. Color and transparency. 
8. Odor. 

4. Reaction upon litmus. 

5. Specific gravity. 

6. Quantity of the sediment. 
If a sediment has formed, the urine must be poui 

off and made iise of for the several chemical tests. 
the urine is quite cloudy, it should be filtered ; shoul^j 
it not then be quite clear, it may be advantageous i 
warm it slightly to render it so. The sediment is i 
aside for analysis. 

CHEMICAL raVESnOATIOH. 

A. NUric Acid. 

Take about 15 e.c. of clear urine in a wine-glas 
pour down the side of the glass a sub-layer of puiva 
nitric acid (HNOg). We find by this— 



; 
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1. Albumen (p. 91); 

2. Urates (p. CO) ; 

3. Biliary coloring mattei's (p. 131) ; 

4. Indicaii (p. Q&). 
If the urine contains much iodine, the zone between 

I'the fluids is colored a brilliant yellow-brown. The 
■odor of iodine is perceived distinctly (p. 145). 

If but small amounts of these matters are present, 
ithey appear only after a few minutes. It is well to set 
■the glass aside, while proceeding with the following test. 



£. Heat 



Fill a test-tube one third fuU of clear urine, and heat 
iver a spirit lamp. If a turbidity aiieea, then it contains 

^ either albuTtien or the eartliy phospliates, which are preci- 
pitated by heat. Add now one or two diops of acetic 
acid : the eartliy phosphates wiU be dissolved, but the 
albumen remains. Add now potassium hydrate in vol- 
ume equal to one half that of the uiine in the tube : the 
albumen will go into solution, and the earthy phosphates 
will precipitate in small flakes. Heat the mixture again : 
if it becomes brown, sugar is present. If it does not 
become brown by boiling, set the tube aside in order to 
allow the phosphates to settle, that their amount and 
color may be noted. 

The earthy phosphates of normal urine are white. 
If they appear colored, the urine may contain various 
coloHng matters ; if blood-red or dichroic, Uood-cohriTig 

'fnattei-s are present. As a confii'mation of this, albmneu 
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must be pi'esent, and the crystala of h^mine should 1 
tested for in tte sediment of the urine whict forms^ 
naturally, micro-cliemically, or from the albumen coaguJ 
lum tinged by the coloring matters, by means of thej 
same test (p. 128). Alao under the microscope wej 
almost always find blood-corpuscles in the urine sedi'^ 
ment. 

If the eartliy phosphates appear rose-red, aud ther* 
is no albumen present, plant-coloring matters are indi^ 
cated (p. 127), especially after the internal use on 
rhubarb and senna. As a confirmatory test we ad^a 
ammonia to the raw urine : a reddish color appeara,4 
which vanishes on addition of acid. 

If the earthy phosphates appear a dirty gray, usu- 
ally uroerythrine (p, 126), the coloring matter of febrila! 
urine is present. To confirm this there must be pres- * 
eut a rose-red sedimentum lateritium, or, upon addition 
of a few drops of acetate-of-lead solution, a reddish or 
flesh-colored precipitate should fall. 

If the earthy phosphates appear brown, usually thfti 
hillary coloring matters are present. If the biliaiy eoL« 
oring matters are not decomposed, a beautiful irides4 
cenee may be obtained by Heller's test (p. 132). If no^ 
coloration occurs, and also no green color is obtainet 
(Ultzmann's test), then decomposed biliary matters a 
present in the urine. By a relatively low specifi 
gravity of the urine the H3SO4 test is strengthened,! 
and a mixture of the urine with potassium hydrate 
(KOH) appears more darkly colored. 
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i C Test for the NoFmal Coloring Matters of the Urine. 
Test with concentrated H2SO4 (p. 67, Heller's 
[ urophseine test). 

Test for indica/n with concentrated HCl and 
bleaching-powder solution. (See p. 68.) 

D. Test for the Normal Inorganic Salts of the Urine. 

1. For chlorides : Take the wine-glass which has 
been used for the HNO3 test A, and, if much albumen 
has not separated, stir up the mixture of urine and 
HNOj with a glass rod and add one or two drops of a 
Bolution of nitrate of silver (AgNOg). (P. 73.) 

2. For alkaline phosphates, with the magnesium 
fluid mixture (p. 80), after precipitating the earthy 
phosphates with KOH or NH^OH. 

3. For sulphates, with barium chloride (p. 82), 

M Further Tests for Abnormal Matters. 
If it is necessary to test for the more obscure 
substances which may be present, we use the afore- 
mentioned testa for ammonium carbonate (p. 142), hy- 
drogen sulphide (p. 143), sodium carbonate (p. 145), 
and for leucine and tyrosine (p. 124). When the first 
three bodies are present, the urine is almost always 
alkaline. With ths latter two, biliary matters are gen- 
erally present. 



F. Investigation of the > 
The color and consieteuce of the sediment should 
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first be observed (whether crystalline, pulverulent, floc- 
eulent, etc), and also what ia its chief constituent. 
We may do this either chemically or better micro- i 
chemically and microscopically. (" Sediment," pagea < 
146-189.) Finally, we detennine the visible organ- 
ized constituents of the sediment (epithelium, cylinders, 
spermatozoa, etc.) by means of the microscope. 

If the urine has been investigated in accordance 
with this scheme, it is convenient, for the beginner 
especially, to write in a concise form all that he has 
found, in order that he may draw his conclusions from 
a glance at the analysis, 

This form may be conveniently made by simply 
folding a sheet of paper three times (see p. 239). 

The abbreviations are as follows : 



H,SO, 


test = Sulphuric-acid test for coloring mattera. 


Ind 


= Indican. 


+Ur 


= Urea. 


— Ur 


= Uric acid. . 


CI 


= CUoridea .^H 


E. ph. 


~ Earthy phosphates. ^^H 


A. ph. 


= Alkali phosphates. ^^H 


Sul. 


= Sulphates. ^^H 



In order to express whether the constituents are 
present in normal, increased, or diminished quantity, we 
employ the following : 

A normal amount present is denoted by n ; a mod- 
erate increase by m -|- ; a moderate decrease by m — ; 



b fe. 
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a large increase by st -}- (strongly increased) ; a large 
decrease by st — (strongly decreased). 
The results may be arranged as follows : 



Physical Chaeaoteristics. 



Normal Substances. 

H2 softest . CI . . 

Ind " . E. pL . 

4-Ur .... A. ph. . 

— Ur .... Sul. o 



Abnormal Matters in Solution. 



Sediment. 



Conclusion. 



The increase and decrease is that of the percentage. 
Such a filled out table appears as the following ex- 
ample. 



^^H S90 AJfALYfUS OF THE URINE. ^H 


1 


1 


Physical Characteristics. 

24-liour amount = 4,000 c.c. 
Pale yellow, somewhat turbid, acid. 
Sp. gr. = 1-040. Slight sediment. 




Normal Matters. 

Hs SO4 teat . . Bt — CI .... m — 
Ind m + E. pb. . . fit — 


Abnormal Matteks in Solution. 
Sugar iu considerable quantity. 


Sedoient. 
Consists of mueuB in normal quantity. 
Microscopically, isolated yeast fungi are seen. 

Kesult = Diabetes mellitus. 


i 


With such a blank one may write in its propei 
iivision the result of each test that he has applied fron 
A to F, the presence and amount of the substance) 
bund, and the conclusion he may have drawn. If w 
ook at the table in the example, we conclude: 1b' 
^'rom the 24-hour amount, that there exists polyv/ria 
2d. From the specific gravity, concerning the quantit 
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of solid matters, diabetes / 3d. From the pale color and 
the lack of urates, that no febrile condition exists ; 4th. 
Finally, from the amount of sugar present, diabetes melr 
litus. 



r 

I ! 



CHAPTER VII. 



n 



GENERAL DIAONOSIS. 

At the time when the entire investigation of the ' 
urine consisted in observing the physical characteristics, 
and then only with preconceived notions, so that one 
took paina to tortiire the " mine signs " to conformity 
with a system previously constructed on a speculative 
basis, the investigation of the ui'uie could afford no 
essential service in the diagnosis of febrile processes, and ] 
not seldom afforded a cloak to ignorance and charlataniy. 

It is only since the advance of organic chemistry and j 
the use of the microscope, and since the connection be^ 
tween the characteristics of the urine and the tissue . 
metamorphosis on the one hand, and the constniction of 
the urinary apparatus on the other, has been clearly 
understood, that the investigation of the urine has dared 
to claim for itself an important character and a scientific 
value. At present no one doubts that it is essentially 
necessary for the diagnosis of disease. Moreover, in 
certain cases, fi'om the urinaiy analysis alone can their 
nature, condition, and intensity be determined. It would 
be a gross error to believe that from the urine all poesi 
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ble diaeases can be diagnosed ; but it would be equally 
unjust to attempt to exclude as useless urinary invest!- 



Before we speak of the diagnosis of diseases of tbe 
uiinary apparatus, we will mention wbat is important 
uroacopically with the various diseases in general. In 
this series we comprise those indications which are most 
valuable and necessary to the practicing physician. 

1. Take the twenty-four hours' amount, and consider 
if it be normal, increased, or dimiuiBhed. The normal 
amount is generally 1,500 c.c. If the twenty-four hours' 
amount is considerably increased, we have to do with 
polyuria; if it is diminished considerably, with oligvr 
ria ; and, if there is no urine excreted, with anuria. 

Polyuria may be either physiological or pathological. 
In the first case it is urina potus or urina spastica; in 
the latter case, on the other hand, we have either hyd/ra- 
ria or diabetes. In order to make a differential diagno- 
sis, we must calculate from the specific gravity the 
amount of solid matters excreted in twenty-four hours, 
by means of Trapp's or of Haser's coefficients (p. 39"). 
If the quantity of solid matter is normal (nearly 70 
grammes) or thereabout, it is a case of urina potus / i. e., 
aa far as its solid constituents are concerned, a normal 
urine diluted with much water. If the amount of solids 
is diminished, we have a hydru/ria to treat, which may 
occur with several cachexies. If, on the contrary^ the 
solids are considerably increased, we have a diabetes. If 
with the diabetes a large amount of sugar is present, we 
have a diabetes mellitvs. If, on the contrary, no sugar is 
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present, we have a diabetes in^idus (by an increaae of " 
the nitrogenous materials, an azotwrid). 

Oliguria is easy to diagnose, and occurs chiefly with I 
febrile processes. The urine is generally dark-colored j 
and strongly concentrated. In the latter stages of kid- j 
ney diseases, after the appearance of urEeniia, the amount i 
constantly decreases, A slight oliguria may occur tem- 
porarily after a loss of water, as by profuse sweating or | 
diarrhcea. 

Anuria with an unobstructed urethra occurs only in I 
severe kidney affections, in connection with ursemia. j 
Besides, this occurs with stricture, stone, and new-l 
growths, as so-called retention of the urine. 

K the amount of urine has been satisfactorily invffl- J 
tigated, we observe : 

2. Whether or no the specimen is a febrile urine." I 
We may also often determine whether the febrile pro- I 
eess is acute or chronic, since the acute inflammatoiy 1 
processes are usually accompanied by important febrile J 
indications. 

Febrile urine has generally a dark reddish-yellow j 
color, is concentrated, and its volume likewise dimiiu j 
ished. If, as is seldom the case, the amount of urine ia 
not diminished, but on the contrary is increased, the 
coloring matters are likewise increased. We regularly 
find in fever urine a distinct layer of urates by the I 
HNO« test (A). 

If au acute exudation process is present at the same I 
time, the urine is concentrated, acid, and contains many J 
urates, which come down upon cooling, colored by a red J 
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coloring matter (uroerytlirine) as a rose- or tile-red eedi- 
inentum lateritium. At the eame time the excretion of 
the urea, aulphatea, and alkali phosphates is increased, 
while the chlorides are diminished. With an increase 
of the disease the chlorides may steadily diminish, until 
they fiuaUy disappear at the climax. 

In the stage of resorption the concentration of the 
urine gradually disappears, the reaction becomes gradu- 
ally neutral or alkaline (from carbonate of ammonia), 
the chlorides are again present in normal amount, and 
in the sediment are found urates (as urate of ammo- 
nium) and earthy phosphates. Simultaneously the urine 
may be normal in volume or somewhat increased, while 
during the exudation process it was diminished. 

Although in most cases it is not very difficult to 
diagnose from the urine an acute inflammation or a so- 
called status febrilia, we are not able to make (except- 
ing the diseases of the uiinaiy apparatus) a differential 
diagnosis between the various forms of febrile affections. 
Even in the kidney diseases one may be so far deceived 
that, being misled by the uroacopic indications, he may 
mistake an accompanying affection for the principal dis- 
ease. For example, the urine of scarlatina is analyzed, 
and one finds a febrile state in connection with a de- 
squamative or parenchymatous nephritis. From the 
uroscopical indications we diagnose acute nephritis, al- 
though scarlatina and not nephritis is the predominant 
disease. The foi-mer could not be diagnosed from the 
urine. 

Notwithstanding that the differential dlaguosis of 
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febrile affections is not possible, the analysis of the urinal 
should not be omitted, since from it we may often deter- 1 
mine an advance or improvement in the condition, and J 
often detect further complicationB. For example, thej 
reappearance of the chlorides is regarded as a favorable I 
sign, while the appearance of albumen is an unfavorable ] 
symptom. 

Among the acute febrile processes there are a few to^ 
be mentioned which lend characteristic peculiarities to i 
the urine, and which are of essential imijortance to the J 
physician to confirm his diagnoaia 

With icierus we constantly find biliary matters in 1 
the urine. 

With ictems levis, an icterus of a lighter grade, sim- 1 
ply a febrile state is discovered (i. e., m\ich urates in an i 
acid, dark, concentrated urine), and a rich mass of biliary! 
coloring matters, the chlorides at times appearing in leas I 
quantity. With icterus gravis — in which the principail 
cause is not simply a resorption of the biliary constito^l 
ents, from a catarrhal affection of the ductus choledochufll 
and cysticus, but much more a parenchymatous affeetioni 
of the liver itself, often also a quick breaking down of J 
the liver cells — besides a large quantity of the urates I 
and biliary coloring matters, we find also albumen, and! 
at the same time small amounts of the biliary acida, I 
The chlorides are entirely wanting. 

With acute live?- atr<ypky we usually find a urine richJ 
in biliary coloring matter, of low specific gravity audi 
acid reaction. The urea is greatly diminished, and inl 
its place we find leucine and tyrosine (the latter also i 
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a sediment). The clilorides have entirely disappeared. 
Moreover, urates and albumen, tlie latter in great amount, 
are present. Biliary acids can be proved in such urine. 
In the sediment is found a great amount of epithelial 
casts and fibrinous cylinders, besides kidney epithelium 
and isolated blood-corpuscles. 

With acute 1/um.g diseases we find a larger amount of 
urates corresponding to the insufficiency of respiration. 

With heart diseases, or irregularities of the circula- 
tion, we find a stasis in the venous system and resulting 
albuniiuui'ia (renal stasis) ; just as there occurs with 
many acute febrile diseases, and especially exanthemata, 
a kidney affection as a complication. 

With perUoiiUis we find usually a large amount of 
indican. (Senator.) 

The urine of irwningitis is generally very strongly 
concentrated, coiTesponding to the slowness of the pulse. 
Since the differential diagnosis between meningitis and 
typhus is very difficult, and clinically often impossible, 
various indications may be gathered fi-om the urine. 
Unfortunately, they are not to be entirely depended 
upon. The urine of meningitis should show a high 
specific gravity and a weakly acid reaction, and should 
contain some albumen and much urates. Besides the 
increase of the specific gravity, another characteristic 
should be that, by boiling the native urine, the earthy 
phosphates should separate (Heller's bone earths). The 
chlorides are not strongly diminished. In typhus, on 
the contrary, the specific gravity is not so high, and the 
urine is acid and should contain no so-called bone earths. 
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The chlorides should almost always be greatly dimin- 
ished. Urates are present, and albumen may be found 
in lai^er amount. At the same time in typhus urine a : 
large amount of carbonate of ammonium should be j 
proved, the urine at the same time possessing a distinct- 
ly acid reaction. 

With meningitis ^imalis one should find 
these constituents much indicau. The specific gravity I 
of this urine, in contradistinction to that of meningitiB 1 
cen'ebralis, should be lower. 

With acute articular rlwumatimn we observe, besides 1 
a high specific gi-avity, an acid reaction, increased urea I 
and urates, and a ebaracterLstie strong increase of earthy 
phosphates. The sediment should contain beautiful ] 
rose-red urates and oxalate of calcium, colored by uroery- 
thrine. If pericarditis exists also, the chlorides and I 
earthy phosphates diminish rapidly, but the uroeiythrine I 
appears stUl more beautiful. 

If the urine is not colored dark reddish-yellow, and J 
urates are not present in large amount, we may deter- J 
mine that no febrile process accompanies the disease. 
Among the feverleas and consequently for the most jmrt j 
chronic affections, several possess certain characteriaticJ 
peculiarities in the urine, which for completeness weil 
mention. 

Chlorosis furnishes a very pale and light urine, cor- ' 
responding to the lessened tissue-metamorphosis in the J 
organism. With hysteria a similar urine appears, but i 
with an increase at times in mass, and a larger amount I 
of indican (wrina ^asticd). The urine of hydruHa and J 
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also pale. How these two may be distm- 

\ guished from one another has been already explained. 

I "With diabetes mellUus the speciflc gravity is higher in 

I spite of the increased amount. An increase of indican 

is observed by the reaction, and in the later stages of 

this disease much albumen appears. The remaining 

normal constituents are diminished in percentage, but 

I the absolute amount (with the exception of uric acid) is 

I increased. In saccharine urine very many and beautiful 

\ yeast plauts are found in the sediment, as well as net- 

I works of penicillium. 

With chronic diseases of the spinal cord often occurs 

I a pale and light urine, which besides much indican and 

bone earths contains a very small quantity of sugar (?). 

In the sediment HeUer claims to have often observed 

sarcinse. 

With racliUi^ and especially with osteomalacia, the 
I earthy phosphates are strongly increased, so that they 
form a copious sediment. 

With diseases of the bone, especially if a great part 
of the skeleton is involved, we find an increase of car- 
bonate as well as oxalate of lime in the sediment, to- 
gether with the so-called bone earths, partly in solution 
and partly in the sediment. 

With chronic articular rheumatism is found a 
»Btrongly acid, concentrated urine, which contains a 
|:Sediment rich in urates and calcium oxalate. A great 
fincrease of earthy phosphates is chai'acteristic. 

In gout we find a similar urine, except that the uric 
wacid is excreted in less amount, and is therefore retained 
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iu the organism, v At times a beautifully crystallized 
sediment of free uric acid ia found. 

In intei'mittent fever, in the cold stage, the excretion i 
of urine is increased, and it is light and clear, while in I 
the hot stage it is dark and saturated. 

In clironic liver affections, In epite of the fact that ■ 
MO fever exists, we find a dark, acid, concentrated urine. , 
Uudecomposed biliary coloring matters are seldom pres- 
ent ; the normal coloring matters are strongly increased 
(decided H, SO4, and indican reaction) ; and generally 
uroerythrine is also present. This increase of the color- 
ing matters of the urine is accounted for by an increased 
exchange and excretion of biliary coloring matters. 
The earthy phosphates are usually diminished. In the | 
sediment we find frequently urates colored rose-red by 
■uroerythrine, and many times a small amount of calcium- i 
oxalate. 

In chronic shin diseases, especially in those affections' 
which destroy in part the function of perspiration, we 
find regularly a kidney disease as a complication ; i. e., 
pemphigus, etc. 

With scurvy and pwpura hemorrhagica we fre- ■ 
quently find hssmorrhage from the kidneys ; as also in. J 
melanwTiiia, with which we usually have parenchyma^q 
tons kidney affections. 

With Jmtcamiia the urine is rich in uric acid, and- 
often also hippmic and lactic acids occur. 
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CHAPTER Vm. 

"blAQNOSIS OF TEE DISEASES OF THE URINART^ 
APPARATUS. 

If mine which contains neither pua nor blood, nor 
has been accidentally mixed with albuminous fluids, 
shows the albumen reaction, this condition is called tnie 
a£bv/mm.wria ; and disease of the kidney itself is indi- 
cated. If, on the contrary, albumen is present only as • 
blood OP pus, the condition ia called false albuminuria, 
and is usually a symptom of an affection of the kidney- 
pelvis, ureters, or bladder. Misced albuminuria is when 
there is more albumen in the urine than can be ac- 
counted for by the presence of blood and pus. 

Whether, in addition to the amount contained in 
blood and pus, albumen in other forms is pi'esent in the 
urine, can only be accurately detenniiied by one very 
familiar with the albumen reaction, and sometimee even 
he will find it quite difficult. The best way of learning 
to distinguish false from mixed albuminuria is to add to 
* normal urine the so-called healthy pus of a suppurating 
wound, and, after allowing the sediment to form, apply 
the test for albumen. 



ANALYSIS OF THE URINE. 



jacBoacopioAL akd chemical aids foe diagnosis OF; 

THE DIFFEEENT FOEMS OF ALBDMtNUEIA, 



A. Trus Albuminm-ia. 
1. HypercBmia of the 

From the active congestion caused by unusual im- 
bibition, no albumen ia found in the urine. The daily i 
amount of urine is increased, ita color becomea pale yel- 
low or may be clear as water, the specific gravity ia very 1 
low, and the normal solid constituents are usually ex- 
creted in greater quantity. 

Albumen in small quantity is present in urine when; 
for a considerable time the kidneys have been obliged) 
to perfonn their function excessively, as foi' example in- 1 
-diabetes mellitus or insipidus. It also appears in small' I 
quantity (one tenth per cent., and generally even less) I 
from hyperaimia of the Hdney, caused by various iiri-J 
tating substances which are excreted by the same ; fori 
instance, after the long-continued internal use of balsam! 
eopaivBB, turpentine, cubebs, corrosive sublimate, and^l 
other acrid or astringent remedies, 

A change in the chemical constitution of the urinel 
should also be mentioned as a cause of irritation ; that 1 
is, hyperemia of the tidney. It is well kno^vn that a | 
concentrated, strongly acid ui'ine may give rise to man!-, 
fold disorders of this organ, and may sometimes evenJ 
cause a slight albumimma, which is, however, generallyj 
transitory. 

Partly from chemical and partly from mechanicall 
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irritation, as by oxaluria and excessive amount of uric 
aeid in the urine, especially if thia fluid Has a strongly 
acid reaction and the uric-acid crystals are pointed or 
jagged, a mild albuminuria may be "produced. This can 
however be easily c^ll■ed, if one pays attention to the 
character of the urine, and ind^lce^ the patient to drink 
a great amount of water ; for by this means the solids 
of the urine, especially the alkali-salts, are excreted in 
greater quantity, which, besides neutralizing the acidity 
of the urine, are excellent solvents of the uric and oxalic- 
acid crystals. 

The crystals of uric acid, in addition to their irri- 
tative action, not infi-equeutly become kernels for the 
formation of renal calculi. 

Further, a slight temporary albuminuria is observed 
after convulsions, epileptic and intermittent fever par" 
roxysms, and various other forms of vascular contrac- 
tion. It also frequently occurs in conjunction with 
acute fevers (Bartels' febrile albuminuria), especially 
with acute exanthemata, and finally sometimes with 
inflammatory affections of the skin, as anthrax, furun- 
culosis, erysipelas, bums, etc. Often by hypersemia of 
the kidney, if the primary disease advances, a parenchy- 
matous inflammation is introduced. 

From passive hypenemia of the kidney, a result of 
general venous sluggishness, the albuminuiia increases 
or diminishes in proportion to the more or less complete 
venous stasis. 

Often a retardation of the renal circulation results 
from feebleness of the heart's action. If, however, in 
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Buch cases the normal blood-pressure is restored hf 
proper medicines, tlie albuminuria usually disappears.. I 
The renal circolation is also impaired by chronic pul- I 
monary diseases, especially emphysema, and by all tu- 
mors and exudations which retard the general current of 
the venous blood ; as, for example, lai'ge pleuritic effu- 
aiouB, ascites, ovarian cysts, and advanced pregnancy. 
Puerjieral eclampsia is not alone accompanied by a tran- ; 
sitory renal venous stasis (Rosenstein), but very fre- 
quently also by parenchymatous nephritis (Bartels) 

As a consequence of marasmus and with various i 
cachexies, a hypenemic condition of the kidney is ob- 
served. 

The characteristicB of simple Jiyperasmia of the hUi- 
ney are that the specific gravity of the urine is generally 
though not always high, the amount is dimiuished, or 
else normal in quantity, and the reaction is acid. Al- 
bumen appears in small quantity (one tenth per cent. I 
or even less). In the sediment either no organized ele- ' 
ments are found, or at most single blood-corpuscles and ■ 
epithelial cells from the straight tubules; hyaline casts 



In febrile albuminuria, in addition to this, the , 
quantity of the urates is increased, while that of the 
chlorides is greatly diminished. 

Id stasis of the renal circulation proper, the twenty- \ 
four hours' amount of the urine is always diminished, 
the specific gravity is high, the color dark, and the rea<v i 
tion acid. This urine contains a large amount of urates, J 
which frequently render it turbid, and settle down as a 
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copious sediment. About one fifth per cent, or more of 
albumen is present. In the sediment are usually found 
hyaline casts and single cells of kidney epithelium. 

This renal stasis is distinguished from parenchyma- 
tous nephritis by the absence of cellular forms (blood- 
and lymph-corpuscles, granular epithelium from the 
Mdney) and of granular casta in the sediment of the 
iirine. 

The urine accompanying renal stasis is distinguished 
from that of chronic interstitial nepbritis (cirrhosis of 
the kidney), and that of the "waxy" kidney, by its 
dark color, its high specific gravity, its small amount 
during the twenty-four hours, and the abundance of 
its ui'ates. 

2. Parenchymatous Nephriiis. 

Two forma of parenchymatous nephritis are ac- 
I cepted — acute and chronic. The acute form usually 
^ occurs as a sequence of other acute diseases, and is sel- 
dom primaiy ; while the chronic, the so-called second 
sitage of Blight's disease, is generally primary, and sel- 
dom follows the acute form. 



Of acute parenchymatous nephritis two forms are to 
I- be recognized. One is a slight ajEfection, the so-called 
[ catarrh of the urinary tubules, or desquamative ne- 
L phritis ; the other a more severe form, the acute paren- 
chymatous nephritis proper (diffuse or croupous), the 
L so-called acute Bright's diseasa 
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Acute parenchyinatoua nephritis in most cases allowa j 
a favorable prognosis. Only in those cases where there j 
is a complete suppression of the urinary secretion 1 
(anuria) is there usually a fatal termination. De- | 
squamative nephritis always runs a favorable course. 

a. Catarrh of tlw v/rinary tubules, or desqucmtai/i 
7tephriti8.—T\as form preferably affects the straight 
tubules. It lasts from eight to fourteen days, but often 
a still shorter time. Fever is not an essential character- 
istic. Those affected complain of stiffness in their j 
joints, pain iu the region of the sacrum, and general j 
lassitude. They frequently walk about during the I 
whole course of the disease. (Edema seldom occurs. 

The urine shows the following characteristics ; 

The twenty-four hours' amount is either normal or | 
slightly diminished; the same is true of its specific ' 
gravity. The color is wine-yellow, seldom a dirty yel- 
low ; the reaction is acid. The fluid is always rendered 
turbid by the presence of cellular bodies, and sometimes ( 
deposits a thick sediment. 

The normal constituents ai'e excreted in normal pro- 
portion. 

Of abnormal substances, albumen is found in mod- 
erate quantity, one tenth to one fifth per cent., and some- 
times traces of blood-coloring matter. 

The sediment consists chiefly of an increased amoimt ' 
of mucous secretion. Microscopically are seen numerous j 
epithelial cells from the straight tubulea, which arel 
sometimes colored brown by the coloring matter of the I 
blood. They are frequently connected together in the 1 
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fonn of hollow cylinders, being known as epithelial 
casts ; or the epithelial cells may form the covering of a 
hyaline cylinder (both together forming the epithelial 
cylinders). (PL VII., A., 5.) In addition are found 
isolated hyaline cylinders, red blood-corpuscles, and a 
[ somewhat larger number of lymph-corpuscles. 

Inflammation of the straight tubules also results from 
I the introduction of instruments after catheterization of a 
[•sensitive bladder, dilatation of strictures, introduction 
I' of the lithotiite, etc. It also accompanies acute inflam- 
kmatory processes, especially the exanthemata. 

Mc contiguo, desquamative nephritis arises from 
I inflammation of the bladder caused by the retention of 
[ tmne after gonorrhcea. 

The higher degree of this affection is — 
j8. Antie parench/ymaious nephritis proper. — ^This 
I disease may occur with very severe disturbances, and 
calso without noteworthy subjective symptoms. The 
flatter condition is observed in reduced cachectic indi- 
I viduals. 

The important symptom, which first causes the par 

ttient as well as the physician alarm, is dropsy. This 

appears especially characteiistic as cedema of the face, 

which produces a bloated appearance. Severe cases are 

accompanied by anuria and convulsions. The less the 

I twenty-four hours' amount of urine, so much the more 

laevere generally becomes the disease ; so that with an 

limuria of long duration the disease usually proves fatal 

The urine shows the following changes : 

The twenty-four hours' amount is greatly diminished, 
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often to 250 c.c. The specific gravity is usu^ly iurl 
creased ; the reaction is acid, and the urine has a brown- 
yellow, dirty color, being quite turbid from the presence J 
of many cell elements. The latter after long standing I 
settle as a considerable sediment. 

The normal constituents are excreted in diminished ] 
amount. 

Of the abnormal matters, we find serum-albumen in 1 
great amount, and at times blood-coloring matters also I 
in considerable quantity. Albumen comes in from 1 to I 
6 or 6 per cent., so that the urine is transformed by boil- 1 
ing to a thick jelly. 

The sediment is generally colored brownish, and I 
consists piincipally of a thick mass, often colored brown i 
by blood-coloring matters, at times of long corkscrew- 
twisted fibiine-cylinders, containing often a great amount 
of lymph- or red blood-corpuscles (blood-cylinders) or 
atlhering brown-colored (hfemorrhaglc) epithelium of 
the urinary canals. In other cases we find only cell i 
remnants surrounding distinctly visible nuclei, which J 
are in part contained within and in part on the surface ] 
of the cylinder. Besides, many isolated epithelial cells I 
from the tubules are found, together with many blood- 
and lymph-corpuscles, and a mass of molecular detritus, ' 
richly colored brown from the blood-coloring matters. 

Acute parenchymatous nephritis either develops it- J 
self primarily, or it occurs as a consequence of another j 
acute disease. It appears especially frequent after acute J 
exanthematouB affections, namely, after scarlatina, and I 
as a consequence of diphtheritts, febris reeurrens, phleg- 1 
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moD, erysipelas Mid carbuncle, after employment of 
preparations of which cantharides may be taken ae the 
type, and also after the internal exhibition of violent 
and caustically acting medicaments, as corrosive sub- 
limate. 

It is frequently observed after taking cold, and after 
buma of wide extent on the skin. After articular rheu- 
matism, in cholera, and in pregnancy it appears fre- 
quently as a complication. 

Finally, acute nephritis occurs fi-equently in the 
course of chronic parenchymatous nephritis. 

Although the prognosis in most cases of this disease, 
even if it has lasted several weeks or months, is favor- 
able, yet in single severe cases, with the appearance of 
acute uriEmia, the fatal end may come in a few days. 
On the other hand, the acute form may pass over to the 
chronic 
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h. Chronic Pai 



The first symptom of this disease is also dropsy. 
Fever is not present. 

The urine shows the following changes : 

As long as chronic nephritis advances, or while tlie 
disease remains at its height, the twenty-four hours' 
amount is diminished ; but as soon as the chronic neptri- 
tia retrogrades, the amount of urine increases, and in the 
stage of the so-called kidney atrophy it may pass beyond 
the normal amoiint. 

The color of the urine is dirty yellow, often brown- 



360 



ANALYSIS OF THE URINE. 



yellow. It is turbid from numerous cell forms, wMeh 
after settling stow a macroscopically visible sedimenl 
The reaction is acid, and the specific gravity is usually 
lowered. 

The normal constituents (especially urea) are ex- 
creted in diminished quantity. 

Of the abnormal substances, albumen is found from ] 
one half to one or two per cent. Blood-coloring matters I 
are present ; at least, traces are provable. 

In the sediment we find at times in large amounl^ , 
but usually isolated, dark nucleated granular cylinders, I 
or half granulated, made up of a hyaline gi-ound-sub- ] 
stance with insulated granular masses sparingly diB- I 
tributed over its surface. (PL VII., A, 2.) There are 
also found nucleated granular kidney epithelium and 
single blood- and lymph-corpuscles, with molecular de- 
tritus. 

In the condition of secondary atrophy the twenty-f our 
hours' amount is considerably increased. The specifio i 
gravity is much lowered. The color is pale yellow.- 
The urine is also turbid, and shows a macroscopically J 
visible sediment. 

The excretion of the normal constituents, especiallyJ 
the urea, when the atrophy affects both tidneyB, i 
greatly diminished. 

Albumen is present in only small amount (one tenth ' 
to one fifth per cent,). 

In the sediment we find granular masses consisting ' 
of detritus, granular kidney epithelium, and isolated j 
fi'agments of gramdar cylinders. 
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This disease occurs in a minority of cases as a 
sequence of tlie acute nephritis, but generally it has 
other modes of origin. 

Chronic parenchymatous nephritis arises fram the 
acute parenchymatous nephritis, though most frequently 
after scaiiatina, after severe rheumatic processes, after 
pi-ofuse bone suppuration, and also from the nephritis of 
pregnancy. 

Parenchymatous nephritis originates in the chronic 
fonn after purulent osseous and articulai- inflammations 
in consequence of intractable syjDhiUs, pulmonary phthi- 
sis, malaria, scrophulosis, and other cachexies ; also from 
the immoderate use of spirituous liquors, which is of 
especial importance. 

The prognosis is not very favorable. There are 
indeed cases in which, after years of a dropsical and 
albuminurious condition, recoveiy has taken place, 
though this termination is not the usual one. After 
syphilis and malaria we may by energetic treatment 
secure healing, and also after a profuse osseous suppura- 
tion, when the contained pus has been gotten rid of sur- 
gically. 



3. Interstitial Nephritis. 

The interstitial connective tissue of the kidney may 
be altered either by hyperplastic growth or by destruc- 
tive suppuration. Accordingly we distinguish two 
forms of this disease, the hyperplastic interstitial ne- 
phritis and the suppurative interstitial nephritis. 
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a. SyperplastiG I-ni&rstUial Nephritis — OirrTiom of tham 



Tliia affection occurs most frequently in advanced I 
life, very Beldom in youth. 

CuThosis may have existed for a long time, and majrl 
have attained a high grade, without the patient having ' 
by any symptom whatever suspected any disease of the 
kidney. Dropsy occurs not at all, or only in the last 
stages. 

A tense and quick pulse and a hypertrophy of the I 
left ventricle are the usual symptoms of this form of I 
disease of the kidneys. 

Disturbances of vision complicate especially this 
form of the kidney diseases, and are not seldom 
the first symptom for which the physician is 
moned. 

The urine shows the following conditions : 

The external appearance after excretion is similar to I 
that of normal urine. It is bright and clear, and shows I 
sometimes a darker, sometimes a lighter color, corre- ( 
sponding to its concentration. The twenty-four houw? | 
amount is generally increased, though polyuria is not 
always the rule. The specific gravity is either normal 
or more frequently lowered. The reaction is acid. 

The normal constituents are usually excreted in I 
normal mass. 

Of the abnormal constituents, albumen is found ittl 
moderate amount (O'l, 0*2, 0-5 per cent). It may aiUal 
entirely disappear from the urine. This happens espa* 1 
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cially in a condition of perfect rest; hence more is 
found in the day than in the night urine. 

Macroscopically we do not observe a sediment after 
long standing. Usually we find nothing abnormal by 
our microscopic investigation. Only at times, when 
after long standing we pour off all but the last drop of 
the uriue, and then examine this thoroughly by the 
microscope, we find a hyaline cylinder, a blood-cor- 
puscle, or a little changed kidney epithelium. 

The prognosis of thia disease, if the diagnosis is cor- 
rect, is an unfavorable one, though the course of the 
disease may be long. 

The ffitiology is obscure. 

b. Svppuraiive Interstitial JVq>7intts. 

This may be of traumatic, idiopathic, pyemic, or 
metastatic origin. It often proceeds from chronic 
pyelitis, when the disease of the pelvis extends to the 
connective tissue of the kidney and seta up suppui'ation. 
It is this usually which, after surgical interference with 
the urinary organs, closes the scene. Suppurative 
nephritis occurs in this way, after catheterization of a 
paralyzed bladder, after forcible dilatation of strictures, 
and after lithotrity. It was on this account that this 
disease was formerly known as surgical kidney. 

Kidney calculi predispose especially to suppurative 
nephritis, and that complicated with great kidney ab- 
scesses and pyonephrosis. 

The mine shows the following conditions : 
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It has a dirty yellow color, is cloudy, and is passed 
in Bmall quantity. The odor ie putrid. The specific 
gravity ie diminished, the reaction being usually neutral 
or alkaline. 

The noiinal constituents, especially urea, are ex- i 
creted in diminished quantity. 

Of the abnormal constituents, albumen is present in 1 
greater mass (^ to 1 per cent.). Blood-coloring matters I 
are usually present. Not seldom carbonate of ammo- J 
nium and ammonium-sulphide are present in greater ] 
quantity. 

The sediment is considerable, and consists chiefly of I 
floeculent pus mixed with blood in greater or smaller | 
amount. Microscopically are found, besides numerous | 
bacteria, molecular detritus and kidney epithelium, and I 
not seldom beautifully formed, thick, often-branched 
cylinders, which are formed of bacteria (pyelo-nephritis 
parasitica, Klebs). If it is complicated with parenchy- 
matous nephritis, we find also dark, granulated, mostly j 
thick cylinders from the straight tubules. 

The course ie usually acute, and the process generally j 
ends fatally. In chronic cases the large abscesses dis- | 
ch^-ge into the pelvis of the kidney. 

We can only diagnose kidney abscesses by estimat- j 
ing the amount of pus excreted per diem, which we can | 
easily do with graduated cylinders. A suddenly ap- 
pearing and then disappearing amount of pus in the 
nrine, together with microscopical evidences of broken- 
down kidney-tissue (glomeruli, tubules, etc.), furnish the J 
best points for the c 
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4. Amyloid 



Amyloid degeneration of the kidney ia generally a 
■local manifeatatlon of a constitutional disease. It occurs 
therefore fi'equently in connection with extended osaeouB 
suppuration, aa well also as with other long continuing 
.and profuse auppurations. With pyoneplu'osis on one 
Bide, not seldom the other kidney becomes amyloid. 
Icrophulosia, chronic tuberculosis, and obstinate syphilis, 
flid at times also malarial cachexy, favor especially amy- 
loid degeneration of the kidney. In rare eases this 
ofEection is due simply to disturbance of nutrition. Fre- 
quently it is complicated with parenchymatous nephritis. 
The amyloid disease of the kidney is developed quite 
insidiously and without marked symptoms, though as a 
rule the amyloid kidney excretes a larger amount of 
ne in twenty-four hours than the healthy kidney in 
l%he same space of time. This excess is never so great, 
ihowever, as is usually found in general atrophy of the 
iMdney. 

The urine shows the following conditions; 
It ia pale yellow, clear, and has a low specific gravity 
"and acid reaction, and deposits no visible macroscopic 
sediment. 

The nonual constituents are generally excreted in 
fidiminished amount. 

Of the abnormal matters, serum-albumen is present 

. v^oderate quantity (from 0-1 to 1-2 per cent.). Be- 

Hidea Bemm-albumen, we often find globuline in relar 

Mively considerable mass (Senator, Edlefsen), which may 
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be regtmied in such cases as characteristic of this dis-^ 



In the sediment, seldom visible macroacopically, are 
found generally no cell-elements, but sometimes narrow 
hyaline, or also broader waxy, glistening, fragile, yellow- i 
colored cylinders. (PL VII., A, 4.) Occasionally we I 
observe brightly glistening, amyloid, degenerated kidney J 
epithelium, which, in the same manner as the waxyi 
cylinder, ia colored reddish brown by a watery solution I 
of iodine, and further upon addition of sulpliuric acid a 1 
dirty violet color. Blood does not appear in the sedi- 
ment with pure amyloid kidney. 

The prognosis depends upon the constitutional die- | 
ease. If one has to do with eyjihilis and malaria, favor- 
able response to treatment may be expected. 

In the differential diugnom of the various forms of 
cdhii/mirmria, the following points ai-e to be observed : 

1. If already in the urine a macroscopically visible j 
sediment is present, consisting of a great mass of cell- 
elements (blood-corjiusclee, pus-corpuscles, cylinders, J 
etc.), we have to do either with pai'enchymatous or sup- 1 
purative inateratitial nephritis. 

a. In parenchymatoua nepJiritis we find in the sedi- 1 
ment epithelial, fibrinous, and granular cylinders, kidney 
epithelium, and blood- and lymph-corpuaclea. 

b. In mtppiirative interstitial nqihritis we find in { 
the sediment blood- and pus^jorpusclea, much bacteria, 
and sometimes also bacteiian cylinders, or short and 
thick darkly nucleated granular cylinders. 




DISEASES OF THE URINARY APPARATUS. 257 

2. If the urine is clear or only clouded by urates, 
and no sediment is discovered which consists of a con- 
siderable mass of cell-elements, then we have to do with 
renal stasis, or with a hyperplastic interstitial nephritis, 
or with an amyloid kidney. 

a, Hendl stasis is distinguished from both the other 
diseases of the kidney by a decrease in the twenty-four 
hours' amount of urine, by its dark color and high speci- 
fic gravity, and often by the abundance of urates. The 
amyloid kidney and the hyperplastic interstitial nephri- 
tis are characterized by an increase of the amount of 
urine; also in both diseases the urine is bright and 
clear, of pale yellow color and low specific grav- 
ity. 

' h. Amyloid Jcidney differs from interstitial nephritis 
in that the urine contains globuline, and by the presence 
of waxy cylinders and amyloid degenerated kidney epi- 
thelium. 

Clinically we very constantly find with amyloid kid- 
ney (as with parenchymatous nephritis) dropsy, while 
with genuine atrophy this occurs seldom, and if at all in 
the latter stages. 

In genuine hidmey atrophy is found constantly hy- 
pertrophy of the heart and a quickened pulse, while 
these do not occur in parenchymatous nephritis and 
with amyloid kidney. 

Finally, with amyloid kidney usually there is an 
enl^gement (amyloid degeneration) of the liver and 
the spleen. 

17 
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B. FoTTna of Mixed Albumimma. 

Mixed albuminuria is recognized from the fact that ] 
there is more albumen present than corresponds to the j 
amount of pus in the sediment. It includes those dis- ] 
eases of the kidney-pelvis which iu advanced stages in- , 
volve the kidney-structure, and thereby comphleate the ] 
pyorrhoea with true albuminuria. 

The kidney-pelvis is limited toward the kidney by | 
the calices and the papUlse renales. It is therefore easy ' 
to understand how with extended inflammation of the 
kidney-pelvis the neighboring papillary part may be- J 
come involved. A proof that the papillary part of the 
kidney has become involved by the pyelitic process, is | 
the presence of kidney-epithelium in the sedimeut. One I 
also finds in long-continued suppurative processes in the J 
pelvis of the kidney, that the same is enlai^ed at the | 
expense of the papillary part, the latter being more or J 



med. 



1. 



Pyelitis is often a local manifestation of an acute ^ 
febrUe process ; it not infrequently accompanies paren- 
chymatous nephritis and (in advanced stages) diabetea j 
mellitus. The use of copaiva balsam, cubebs, and simi- 
lar powerful medicaments, sometimes has this disease I 
as a consequence. Kidney-stones, parasites, new growths, J 
and tuberculosis of the kidney-pelvis are almost always j 
accompanied by suppurative pyelitis. From contiguity, 
either this or pyelo-nephritis is developed by the dam-] 
ming back of the urine in prostatic hypertrophy, para- J 



I 
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lysis of the bladder, stricture of the urethra, etc., pro- 
vided at the same time a purulent' bladder-catarrh is 
present. Pyelitis also frequently arises from compres- 
sion of the ureters by tumors, large exudations, or a 
retroflected or pregnant utems. Finally, it may occur 
also after maltreatment of gonorrhoea, or mechanical 
injuries to the neok of the bladder and the bladder 
proper with surgical instruments, etc. 

We may distinguish an acute and a chronic pyelitis. 
Kot infrequently the sediment of the mine furnishes 
means for the diagnosis of pyelitis calculosa and tuber- 
culosa. 

The constitutional diseases which bring about pye- 
litis crouposa and diphtheritica are so severe in them- 
selves that they obscure the symptoms of the pyelitis. 



The clearest form of acute pyelitis occurs after sur- 
gical interference with the urinary organs, in the course 
of acute inflammatory processes, and after improper 
treatment of gonorrhffia. 

The twenty-four hours' amount is diminished ; the 
urine is dark-colored and t^lrbid, and has a high specific 
gravity and an acid reaction. After standing, a distinct- 
ly visible precipitate appears. 

The excretion of normal matters is not essentially 
changed ; it shows in a high degree the peculiar char- 
acteristics of a febrile process (the urates considerable, 
the chlorides diminished). 
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Of the abnormal constituents, albumen occurs always 
in far greater amount tlian corresponds to the slight pua 
sediment. The percentage of the albumen vaiies from 
O'l to 0"5 and thereabouts. Blood-coloring matters are 
iti small amount, and not constantly present. 

The sediment consists chiefly of an increased (cloudy) I 
mucous secretion, mixed with pus in less or gi-eater [ 
amount. Microscopically, we find pus-corpuscles of | 
round, spherical form, and often many adhere together, 1 
forming a cylindrical plug. These cylindrical plugs 
arise from the papilla renales, and contain not seldom 
beautiful kidney-epithelium. We always find blood- 
coi-puscles, but at times only singly. The epithelium of 
the papillary part of the kidney appears in great amount 
in oval or pear-shaped foi-ms. Often two or three 
epithelial cells hang together. We also find at times, 
though seldom, these epithelial cells colored reddish 
brown by the blood-coloring matters, which with the 
colorless pus-cells and the yellow blood-corpusdea make 
up a beautiful picture under the microscope. 

The so-called single and double caudate epithelium, 
with tile-form arrangement, which is generally desig- 
nated as pelvis-epithelium, is not a ehai'acteristic of pye- 
litis. The epithelium of the kidney-pelvis does not 
differ essentially from the epithelium of the bladder, 
which appears also in the urinary sediment of pyelitis ; 
and on this account only the epithelium of the papil- 
lary part is a characteristic for the diagnosis of pye- \ 
htis. 

With acute pyelitis kidney-epithelium occurs in 



DISEASES OF THE VUmART APPARATUS. 261 

greater amnunt, often ten pieces in the field, while with 
chronic pyelitis it appears very sparingly. 

Acute pyelitis, if it occurs in consequence of surgical 
interference in the bladder, or following acute inflam- 
matory processes, or with gonorrhcea, allows of a favor- 
able prognosis, since in the course of a few weeks heal- 
ing is apt to occur. Sometimes, however, there arises 
from the acute form— 



Ih Chronic Pit 



In chronic pyelitis the twenty-four hours' amount of 
nrine is increased. For this reason polyuria may be re- 
garded as a characteristic symptom. In severe cases, not 
infrequently 5 to 6 litres are evacuated in the twenty- 
four hours. The color of the whey-turbid urine is pale 
straw-yellow, and has at times a peculiar tendency 
toward greenish-yellow. The speciflc gravity is always 
low and the reaction acid. The sediment is more or 
less copious, corresponding to the amount of pus. 

The absolute amount of norraal constituents is not 
essentially changed, but their percentage appears to be 
diminished on account of the polyuria. 

Of the abnormal constitiients, albumen appears con- 
stantly in greater amount than corresponds to the con- 
tained purulent sediment. The mass of albumen is 
generally O'l to 0-5 per cent. Blood-coloring matters 
are usually not present. 

The sediment has a greenish-yellow color, is floecu- 
lent, consists chiefly of pus, and does not stick to the 
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glass, The pus-corpusclea with long-contioued pyelitis 
are often branched or have tooth-like projections, unlike 
the pus-corpueclea of other acute purulent catarrhs of 
the uiinary passages. They also fonn, since they are 
pressed together in greater mass, roundish, oval, or even 
long plugs (purulent plugs of the ductus papillares), 
which are characteristic of chronic pyelitis, (PI. VII., 
B, 2 and 4.) 

Epithelial cells are very sparingly present in chronic 
pyelitis ; and if the suppuration is very severe, they 
may be entirely wanting, since they appai'ently by endo- 
genous cell-formation break up into pus-coipuscles. 

Blood-corpuscles do not occur with the common 
chronic pyelitis. With pyelitis in consequence of renal 
calculi, tuberculosis, new growths, and entozoa in the 
kidney, they are, however, of constant occurrence. 

Chronic pyelitis only seldom admits of a favorable 
prognosis. In our latitudes it is usually complicated 
with primary or even (in consequence of suppuration) 
secondary stone-formation. Not infrequently it passes 
over into pyonephrosis, later peiinephritis, with final 
discharge of the purulent contents toward the outer sur- 
face of the body, less often into the bladder or intestines. 
This happens usually in young or strong iudividuals. 
In weak or old patients chronic pyelitia passes over into 
interstitial suppurative nephritis, and chronic ursemia 
closes the scene. 

(?. Pyelitis Calculosa. I 

Calculosis renalis is chiefly introduced by a deposit 
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of uric acid within the kidney or the kidney-pelvia. 
Therefore the Bpontaneously arising kidney concretions, 
for the most part, are composed of uric acid or its salts, 
and have a yellowish-brown coloi'. In addition, renal 
calculi may be introduced by excretion of cystine (most 
infrequent), and by excretion of earthy phosphates, as 
the so-called secondary stone-formation in the kidney- 
pelvis, in consequence of hasmorrhage and long-continued 
suppuration. Oxalate of calcium only very rarely is 
the primary cause of stone-building; it playa its part 
later in the layer formation. 

The most frequent cause of the formation of kidney- 
stone, as we have before mentioned, is the excretion of 
crystalline uric acid within the kidney, in consequence 
of its absolute or relative (thi'ough concenti'ation of the 
urine) excess. Naturally the concentration and the in- 
creased acidity thereby produced furnish favorable con- 
ditions for the formation of the characteristic rough or 
pointed crystals of uric acid, which are almost constantly 
the foundation of kidney-stones (Ultzmann, " Ueber 
Hamsteinbildung," in "Wiener Klinik," 1875, No. 5). 
Therefore the indications of kidney-stone must be looked 
for in a concentrated, acid urine, rich in uric acid, espe- 
cially if the same ia excreted in jagged or pointed 
forms. 

The beginning of kidney-calculi can be diagnosed if, 
in connection with the above-mentioned conditions of 
the urine, a light albmninuiia (hyperaamic condition of 
the kidney) is observed, and a few blood-corpuscles 
appear in the sediment. 
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The accompanying albuminuria is only temporary, | 
and appeal's, usually, only witli a consideraVjle concen- 
tration of the mine or -with a great excess of uric ' 
acid. 

The presence of large concretions in the kidney may 
be diagnosed from the occurrence of a parenchymatous 
htBmon'hage. The urine from the before described 
chemical constitution shows, especially after violent bod- i 
ily exercise, a red-brown or coffee-colored tinge. 

If the concretions do not disappear after such a I 
strong kidney-h£emon"hage, there arises gradually a pye- 
litis — ^the pyelitis cahulosa. This may occur in two 
forms, a light and a severe. 

The light foi-m occurs generally with kidney-concre- l 
tions of small size, and characteristic indications are 
often offered by the sediment ; while the more severe J 
purulent fonn differs from the ordinary pyelitis chronica, J 
in that we constantly find blood-corpuscles in the sedi- \ 
ment. The latter form of pyelitis calculosa occurs gen- 
erally witb greater concretions, and affords later a ter^ : 
mination for pyonephrosis and paranephritis with dis- ■ 
charge of purulent matter. 

The lighter form of pyelitis caleuloea shows the fol- , 
lowing characteristics of the urine : 

The twenty-four hours' amount is not increased, but ] 
rather diminished, or more commonly normal. The 
urine is dark-colored and turbid ; its specific gravity ' 
normal or raised ; the reaction acid ; and often there is ] 
considerable sediment. 

Of the normal constituents, uric acid is in excess I 
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(presence of crystaUine uric acid in the sediment and 
proof of a layer of iiratea by the HNOg test). 

Of the abnormal constituenta, we find albumen in 
from O'l to 0-5 per cent., always more than corresponds 
to the pus and blood in the urine. Also blood-coloring 
matters are constant, though they may be present in very 
small amount. 

The sediment consists chiefly of pointed uric-acid 
crystals, cystine and calcium oxalate, mixed with floc- 
culent pus in greater or less quantity. (PI. II., B.) 
Besides these, nuhierous blood-corpusclea (microcytes) 
and kidney-epithelium cells are visible. 

The symptoms enumerated and the negative results 
from sounding the bladder confirm the diagnosis. 

Pyelitis calculosa admits of a favorable prognosis 
only with conci'etions of small size, i.e., such as may 
pass through the ureters. With lai^e and branching 
concretions, the prognosis is always unfavorable, or at 
least very dubious. The more severe the suppuration 
and the longer its duration, the more unfavorable the 
prognosis. 

The disease affects usually only one kidney. 



I 



d. Pyelitis Ihbercidosa. 

Pyelitis tuberculosa is usually a local expression of a 
general tuberculosis, or a tuberculosis of the genito- 
urinary apparatus. It is on this account not seldom 
complicated with the appearance of a chronic parenchy- 
matous disease of the kidney (nephrophthisis, nephritis 
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uleerativa). In those cases where tuberculoais of thel 
Itidney-pelvis is complicated with tuberculosis of the J 
kidney, we find in the sediment large, waxy, shining i 
cylinders, much molecular detritus, blood- and pus- 1 
corpuscles, and kidney-epithelium. The urine contains I 
a large Mnount of albumen. 

Simple pyelitis tuberculosa shows, on the contrary, 
the following conditions : 

The amount of the urine is not especially increased. I 
The color is dirty yellow, often brown-red from admix* 
tore of blood. It appears always turbid, and has a 1 
noiTnal or diminished specific gravity and an acid reao- | 
tion. The sediment Is dii-ty yellow, often brownish and | 
flocculent. 

The excretion of normal constituents is not essen- J 
tially altered. 

Of the abnormal constituents, albumen is found inJ 
from O'l to 0'5 per cent., always far in excess of the 1 
corresponding pus and blood in the sediment. Blood- j 
coloring matters are likewise provable in small ^nount. 

The sediment is brownish, flocculent, and consisteJ 
chiefly of pus mixed with a small amount of blood. 1 
Besides this, we find kidney-epithelium and much mole>J 
cnlar detritus mixed with bacteria, which are clottw 
together in spherical and cylindrical shapes. 

The blood-corpuscles of the sediment are generally 1 
the expression of an ulcerative process in the kidney- 
pelvis, and appear in the night as well as the day urine 
in slightly varying amount ; while in pyelitis calculosa , 
the ui'iue passed in the night or after bodily rest shows I 
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an appreciable diminution in tlie amount of l)lood-cor- 
puscles. The passage of mine with pyelitis tuberculosa 
ia not BO paiiifui, nor is micturition so frequent, aa in 
pyelitis calenlosa. Besides this, the usual symptoms of 
lithiasia are wanting. 

Especially supported is the diagnosis of pyelitis 
tuberculosa, if one finds, without other assignable cause, 
swelling of the testicles with tense plastic exudation, 
scrofulous scars, swelling of the glands or other than 
the scrofulous osseous inflammations, and deep and diffi- 
cultly healing rectal fistula, etc. 

The prognosis is ui every case unfavorable when 
there ia accompanying tuberculosis. With tuberculosis 
of the genital apparatus, if it occurs in healthy and 
yoimg individuals, there may be imjirovement, or even 
(for instance, after the extirpation of a tuberculous tes- 
ticle) a relative cui-e. 

With echinococci in the kidney we find at times an 
accompanying pyelitis, which can not be distinguished 
from the usual chronic form. Only when the echino- 
coccal tumor has perforated the kidney-jselvis do we 
find the characteristic aaes in the sediment ; further, 
single scohees with a double-hook arrangement or rem- 
nants of the same and single hooka. (PI, VUI., A, 4,) 

Pyelitis with Bilharzia hsimatobia is a manifestation 
of existing cystitis. We find the pyelitis in such cases 
complicated with profuse parenchymatous haemorrhage. 
In the sediment, besides numerous blood- and pus- 
corpuscles, and kidney- and bladder-epithelium, we find 
also fibrine flakes which contain the chai-acterietlc e^s 
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of Bilharzia haeraatobia in great quantity. (See Haen: 
turia, p. 278). The urine is rich in albximen and dia 
solved blood-coloring matters. 

The para- or perinephritis can not be recognized 1 
from the analysis of the urine, since the latter mayj 
appear normal in very high grades of the diseaaea 



2. Hwmat/uHa. 

HEematuria in its strictest sense does not belongl 
here, since it is but a symptom and no idiopathic diseasffl 
of the urinary apparatus ; but we believe that it 8hoald| 
be here included, since it very often complicates the! 
various diseases of the kidney, the kidney -pel vis, andl 
the bladder, often proceeding from simple hyperasm 
so that one is not always in a position to recognize thi 
primary disease. On the contrary, one has very : 
quently to content himself with the very general < 
agnosis, " Hjeraaturia from unknown causes." 

The haimorrhages of the urinary apparatus may 1: 
divided according to their character into three classes : ( 

a. Hsemoglobinuria (Vogel's haamatinum) ; 

b. Parenchymatous hfemorrhage ; 

c. Profuse haemorrhage from rupture of the lai 



I, Hasmoglohinuria betrays itself by a reddish-brow 
brownish-black, or at times lake-colored urine, whiefcd 
even after standing for hours deposits no red sedimenW 
of blood-corpuscles. It retains its homogeneous 
brown color, because the blood-coloring matters are il| 
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aolutioD. The reaction is generally acid and the specific 
gravity lowered. The urine contains a great mass of 
haemoglobine and methtemoglol)ine. In the sediment 
we find at times epithelial (htemorrhagic) and molecular 
rdfitritua, colored brown by the coloring matters of the 
ft>lood 

n. Parenchyimatous hmmorrhage exhibits a red- 

fcrown, often coffee-colored urine, which after long etand- 

ping retains its homogeneous red-brown color, but which, 

however, deposits a sediment, though often very slight, 

colored red-brown by blood-corpuscles. It generally 

t acid, has a varying specific gravity, and contains 

\ in solution more or less altered hsemoglobine. 

The sediment is characteristic of parenchymatous 
[ haemorrhage. "We find in it blood-cori)uscles of various 
L sizes. Often noroial disk-fonned corpuscles are seen, 
■ with a rather indistinct depression; they also appear 
rroundish, spherical, and colored somewhat brown. Fre- 
quently they are quite colorless, without fluid contents, 
similar to small rings. 

In the field we often observe, besides the greater 
pheres, corpuscles only half or a quarter the usual size, 
ijmd still smaller, down to flue dust-particles. 

These mierocytes, which in the last few years have 

iTseen seen so often in the blood of patients, are charac- 

Bieristic of parenchymatous htemon'hages of the urinary 

Apparatus, and have been recognized as such for a long 

l^time. 

III. Profuse hcsmorrhage from tits large vessels. — In 
fthis case we find the urine colored dai'k reddish-yellow. 
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or red, aimilar to venous blood. The reaction is usuallj 
neutral or alkaline, and the specific gravity is varyingj 
The urine contains generally only traces of blood-color- 1 
ing matters in solution ; only when the urine is strongly i 
alkaline fi'om carbonate of ammonia — and this is but I 
seldom — considerable blood-coloring matters are found 1 
in solution. 

Usually such urine deposits its entire blood aa i 
considerable bright-red sediment after a few hours, audi 
then appears of a normal yellow color. 

Albumen ai'iaiug from blood-serum is always present ] 
in the urine. The sediment consists throughout of nor- 1 
mal disk-form corpuscles, in size similar to those of noJ^ I 
mal blood. Sometimes there appear also in the sedi-j 
ment blood-clots of various shapes. 



These three forma of hfemon'hage can occur as well 
from the bladder as from the kidney-pelvis and the kid*] 
ney, and consequently one is not always fortunate enough'l 
to know exactly from what part of the urinaiy apparani 
tus the haemorrhage originates. 

1. The reaction shouJd be first considered for tlu 
differential diagnosis. We find usually that the urinrf 
accompanying hsemorrhage of the kidney is acid, and! 
with hfemorrhage of the bladder it is alkaline. This^B 
however, is not always the case ; for these condition! 
only hold when the heemorrhage is complicated with i 
purulent catan'h, either of the kidney-pelvis or of tin 
bladder. Here, also, the reaction with litmus ia nol 
always to be relied upon ; for, with a profuse hGemon 
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Thage througli biiTBting of one of tlie greater vessels, the 
alkalinity of the blood may overcome the acidity of the 
urine, and we may find, in spite of the fact that the hse- 
morrhage does not come from the bladder, an alkaline 
reaction. In like manner the urine might become alka- 
line from the internal use of alkalies or alkaline mineral 
waters. Or perhaps the pyorrhcea of the kidney-pelvis 
might be bo profuse that the alkali of the pus-serum 
could overcome the acidity of the urine. In such cas^ 
we would have an alkaline reaction of the urine from 
hsemorrhages which had not their origin in the bladder. 

On the other hand, it must not be denied that 
haemorrhages do occur in the bladder where the urine 
shows au acid reaction. This appears constant when 
there is no purulent catarrh of the bladder, and when 
the hgemorrhage is not profuse. 

The reaction of the urine with litmus alone is not 
sufficient for locating the hemorrhage. 

More important for this determination Is the proof 
of a large amount of ammonium carbonate ; for when 
this is present in quantity, the probability is great that 
the hseraorrhage is from the bladder, especially if at the 
same time crystals of ammonio-magnesiuni phosphates 
appear in the sediment. (PI. IV., B.) 

2. Tlie color of the urine should have even more 
weight than the reaction with litmus. The older prac- 
titioners connected the red-brown and brown-black 
shades of the urine with kidney-hBemorrhages, and the 
bright-red color with hemorrhages from the bladder 
this, however, is not always the ease. The brown. 
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brown, and brown-black tones of the urine arise fronfl 
decomposed haemoglobine (metL^moglobine), and can I 
only occur in those cases where the blood has been inti- j 
mately mixed with the urine for a long time, at the tem- 
perature of the body — i. e., within the urinaiy apparatus. | 
We find usually such a condition with pai'enchymatoufl \ 
hemorrhage ; the blood mixes gradually di'op by drop J 
with the urine, the corpuscles remaining for a long time \ 
with a relatively great amount of fluid matters, the | 
products of retrograde tissue-metamorphosis. By this j 
intimate mixing the urinary conetituentB hare time to J 
exert their destructive influence on the blood-corpuscles, ' 
and finally to change the red hasmoglobine to the brown ' 
methgemoglobine. 

For this reason parenchymatous hsemorrhageB from 
the bladder (carcinoma of the bladder) also give to the j 
mine the red-brown and brown-black color. 

It is quite otherwise, however, with profuse htemor- 1 
rhage, caused by the rupture of large vessels (bladder- j 
hiemorrhoida). In such cases, at one time a great quan- 
tity of blood enters the urinary apparatus, especially the 
bladder, and quickly distends it. The unusual disten- 
tion is followed by immediate contractions of the blad- 
der, micturition ensues, and blood is passed before the I 
urine has had time to decompose the haemoglobine. 

Since bladder-hiemorrhages arise mostly through- i 
rupture of the vessels, and kidney-htemorrhages, on the 1 
other hand, are mostly parenchymatous, the brown-red \ 
color of the latter and the blight blood-red color of the J 
former are of value for the diagnosis. 
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3. TJie specific gravity of the urine lias a diagnostic 
I value, inasmuch as we find generally, from hfemoirhage 
I of the kidney and kidney-pelvis, such a condition of the 
I organs that polyuria ensues (pyelitis), in consequence of 

which the specific gravity is lowered, while with bleed- 
ing fi'om the excretory passages there seldom arise dis- 
I eases (cystitis) which cause polyuria ; hence in the latter 

■ Case the specific gravity is normal. 

4. Sloodrcoagula. — The foiin of the clots when pres- 
lent in the urine sometimes shows with certainty the 
I location of the haemorrhage. 

If the eoagula are soft and have the color and con- 
iKstence of freshly clotted blood, then they have not 

■ existed for a long time. If, however, they are without 
l-eolor or appear somewhat dirty yellow, they are of older 
' date and have been retained in the urinary apparatus a 

longer time. Likewise short rod-shaped clots arise at 

times from the distended kidney-pelvis (Simon), and 

■Sippear in the urine after hfemorrhage from the kidneys. 

ftiThese were formerly considered as concretions, and 

■tiiought to consist of pure fibrin. (Heller.) 

The coagula which occur long and rod-shaped indi- 
cate a haemorrhage from the kidney, while the lumpy, 
torn, irregular masses should come from the bladder. 
Further than this, it must be emphasized that only the 
I long and rod-shaped blood-clots affortl a certain indica- 
tion of the place of origin of the hssmorrhage. If such 
Eorms occur, the seat of the difficulty must be above the 
reters, for the rod-shapes are caused by passage of the 
lolotB through the same. We have seen a case, where a 
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man forty-nine years old, suffering from a palpaMe neo-1 
plasm of the right kidney (with hjematuria), repeatedly i 
passed blood-clots 10 to 15 centimetres long, as thick as I 
a lead pencil. The irregular lumps are not veiy charac- I 
teristic, for they may occur fi-om the kiduey-pelvis as I 
well as from the bladder. Blood may also pass in a J 
fluid state from the kidney to the bladder, and then j 
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Coagula are not constant in connection with hsema- 1 
turia. Parenchymatous and profuse hEeraorrhagea only -J 
seldom give rise to clots ; consequently they occur most I 
frequently when the bleeding arises from vessels of small 1 
calibre. 

5. The microscopic analysis furnishes the greatest i 
aid to the differential diagnosis of hsematuria. 

The 80-called blood-cylinders (PI. V., A) and the J 
hasmorrhagically tinged kidney-epithelium are character- 1 
iatic of parenchymatous kidney-hfemorrhage, In severe- ■ 
kidney-haemorrhages, however (if they are from vessels | 
of lai^e calibre), we do not find them. It is very prob- j 
able that kidney-epithelium, at least in single cells, is I 
present in the sediment ; but the great mass of blood I 
present conceals these cell-fomiB, so that one sees J 
nothing but blood-corjjuscles under the microscope. 

Bladder-haemorrhages are often not characterized by I 
any microscopic indications. At times we find in the 
sediment an increased amount of bladder-epithelium and j 
crystals of ammonio-magnesium phosphate. 

Having described the micro-chemical characteristics J 
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of haematuria (hsemoiThagcB of the urinary apparatus) 
in general, we will now mention those diseases which 
afford opportunitiea of observing them, and in every 
case where it ia possible endeavor to furnish new 
grounds for di^noais. 

L JIaimoglobinurm (with or without methgemoglo- 
binuria) occurs with hfemophilia, scurvy, malignant 
intermittent fever, putrid typhus fevers, and especially 
with those diseases which are accompanied by a so- 
called dissolution of blood; also after inhalation of 
hydrogen arsenide, carbonic acid, and similar gases. It 
ia also observed after the transfusion of animal blood. 
[Exposure to cold seems also to be the cause of hsemo- 
globinuria, especially in the so-called " paroxysmal " 
form.] 

II. Pareiwkymatom hwrnorrkage may, as already 
stated, come from the kidney (and its pelvis) or the 
bladder, or from the entire urinary apparatus. 

a. Haunorrkage from t}i£ hidneys, besides the above- 
mentioned cases, is found usually with hsemoglobinuria 
in the following : 

1. Sometimes -with acute febrile processes, especially 
with exanthemata, where the hsemorrhage represents at 
the same time a high degree of hypersemia, 

2. In the majority of cases of acute and chronic 
parenchymatous nephritis. 

3. Regularly with atheromatous degeneration of the 
'Kdney-vessels. 

4. With thrombosis of the renal veins, as in general 
cachectic conditions, puerperal fever, not seldom with 
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uterine and crural phlebitis (Cruveilhier, " Anatomie,'^ 
Livre 36) ; further, in consequence of severe injuries of I 
the kidney, at times along with traumatic nephritis;! 
alao from thrombosis produced by compression of ta-j 
mors in the vicinity of the hilus. 

"With nui'slings who suffer from enteritis there at I 
times occurs a thrombosis of the renal veins. Accord* I 
ing to O. Pollat, one obsei-ves that after the tennination j 
of a diarrhoea children become icteric, a considerable j 
diminution of the urinary excretion takes place, and in | 
the sediment are found blood-cylinders, blood-corpusclea, j 
and hfemorrhagic epithelium. 

Further, kidney hemorrhages ai-e observed — 

5. Constantly with renal calculi, although no severe ' 
pyelitis may be present. We find then in the sediment, 
besides blood-corpuscles of various sizes and kidney- 
epithelium, jagged crystals of uric acid or calcium I 
oxalate. 

6. With cancer of the kidney, besides the parenchy-J 
matous haemorrhage, we find nothing striking. Cancer- 1 
cells and cancerous tissue we have not found in the sed- 
iment of the urine ; still the possibility is not excluded ] 
that, if the cancer develops in the kidney-pelvis, we | 
might find carcinomatous tissue in the sediment. In I 
small children palpable tumors of the kidney as lai^ | 
as the fist are frequently observed, with no indications 
in the urine but a slight albuminuria. Hsematuria is j 
therefore not a constant but a veiy frequent symptom i 
of new growths in the kidney. 

7. With renal phthisis or with cheesy inflammation I 
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of tHe kidney, tlie Iddney-pelviB, and the ureters, we find 
in the sediment, besidea mierocytes, kidney-epithelium, 
pushcorpusclee, much molecular detritus, great quantities 
of vibriones and niicroeocci, and at times waxy cylinders, 
together with such as consist of vibriones and micrococci. 
h, HwmorrJmge from the bladder is observed — 

1. With stone in the bladder and with catarrhal ul- 
cerations of its neck. The haamaturia is of a lighter 
grade. 

In both cases, however, small blood-corpuscles (mi- 
croeytcB) are not observed in the sediment. All are of 
normal size. If a complicating bladder-catairh is present, 
the urine reacts alkaline, and in the sediment we find, 
besides blood- and pus-corpuscles, crystals of ammonio- 
magnesium phosphate and bladder-epithelium. 

Hsematuria from bladder-stone becomes worse by 
exercise. The patient, therefore, should rest in bed. 
The hgematuria from catarrhal ulcerations, which occurs 
in the neck of the bladder usually after gonorrhcea, 
exhibits itself toward the close of micturition, when the 
sphincter vesicae begins to contract. 

2. With papilloma of the bladder and with carcinoma 
villosum arises also parenchymatous haemorrhage from 
the papillary growth of the mucous membrane. In the 
sediment we find not infrequently beautifully recogniz- 
able necrotic cancer-tiasue, which confirms the diagnosis. 
However, one single microscopic investigation of the 
sediment does not suffice, since the cancer-tissue is not 
voided at each micturition. (For further particulai-s see 
section on villous cancer of the bladder.) 
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s hcemorrJuvje from the entire uri- 
nary apparatvs occurs — 

1. Sometimes after the evacuation from a paretic or J 
paralyzed bladder and after catheterization. If for si 
eral years, on account of a paralyzed bladder, a portion 
of the urine had been accustomed to remain in it after 
mictmdtion, and suddenly the entire amount ia drawn 
oS by a catheter, there ariseB neceasai'ily a hypersemia i 
ex vacuo, which becomes the more intense accordingly as i 
the muscles of the bladder have become hypertrophied, 
rendering complete contraction impossible. Since also 
the secretory pressure in the kidney, which before was i 
obliged to overcome the weight of the residual urine in | 
the bladder, meets with no such resietanee after cathe- 
terization, a parenchymatous ha^mori'hage ensues. I 

2. Parenchymatous haemorrhage from the entire ap- I 
paratua, but especially fmm the bladder, is observed in 
Egypt as a consequence of Bilharzia hsematobia. There \ 
arises embolism of the vessels of the mucous membrane ■ 
caused by the eggs of the Distoma haematobium. In | 
such cases we find in the sediment, as already mentioned, J 
little blood-coagula which the mici'oscope shows to be 
imbedded with the long oval eggs of these parasites. 

m. &vere hcmiorrhage& of the large vessels occm- only ' 
from new growths and a varicose condition of the neck 
of the bladder. 

With new growths (villous cancer of the bladder) 
they only occur profusely when the cancer has existed 
for a long time and becomes ulcerated. With the so- 
called bladder-hsBmorrhoids the bleeding takes place so 
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suddenly and profusely that the patient after one or 
two days becomes quite ansemic. It takes usually only 
a few days to destroy a peifectly healthy condition. 
Such haemorrhages may occur after several months or 
several years. In the sediment we find nothing but 
blood-corpuscles of normal size and character. 

In diphtheritic and croupous processes in the blad- ^ 
der, such as occur in consequence of eo-eaUed blood-dis- ^. 
solution, we find also blood in the ichoi-ous, putrid, andQ; 
alkaline-reacting urine. 

3. Cysto-PyeUtia and Pyelo-Cystifm. 

By these terms we understand a purulent catarrh 
which at the same time has involved the peUHs of the 
kidney, the ureter, and the bladder. If the pelvis of 
the kidney ia principally the seat of the disease, it is 
designated as cysto-pyelitis ; if however the bladder is 
most involved, then the disease is called pyelo-cystitis. 
Whether pyehtis or cystitis predominates is determined 
by the prevailing characteristics of the disease. 

If pyelitis prevails, polyuria is generally present, the 
urine has a neutral or slightly alkaline reaction, the 
specific gravity will be lowered, and the purulent sedi- 
ment will not stick to the glass. Albumen is found in 
greater proportion than the contained pus warrants, and 
in the sediment we find (besides pus-corpuscles) kidney- 
and bladder-epithelium and isolated triple-phosphate 
crystals. The pua-corj)U8cles seem to be well preserved, 
and sometimes to be pleased together in cylindrical 
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If, on the contrary, cystitis prevails, then polyuria ia 
not present, and the urine reacts strongly alkaline and 
has a noimal or slightly lowered specific gravity. The 
sediment is glutinous, and the alkaline pus sticks to the 
glass. Albumen ia present in greater mass than corre- 
sponds to the contained pus. Carbonate of ammonium | 
is present in considerable amount 

In the sediment we find the pus-corpuscles much I 
swollen and a great abundance of triple phosphates ; we I 
also find isolated scales of kidney- and bladder-epithe- \ 
lium. 

Cysto-pyelitis and pyelo-cystitis occur very frequent- j 
ly with stricture of the urethra, hypertrophy of the 
prostate, and with paresis or paralysis of the bladder. 

From cystitis or from pyelitis arises very often, 
through contiguity, cysto-pyelitis or pyelo-cyatitia. It 
even happens that cystitis alternates with pyelo-cystitis 
and pyelitis with cyato-pyelitia 

Cysto-pyelitis as well as pyelo-cystitis can be caused | 
by all those noxious circumstances which bring about*] 
cystitis and pyelitis. (See sections on Cystitis and Pye- j 
litis.) 

The prognosis depends upon the etiological indie*- 1 
tions and the severity of the prevailing disease. 



C. Forms of False Albuminuria. 

The false albuminuria differs from the true audi 
from the mixed form, in that the albumen ia always I 
present in quantities corresponding to the contained I 
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pus or blood. Tlie albumen found is that of the pus or 
blood-gerum. If both suddenly disappear from the 
urine— for instance, a few days after the opening of an 
abscess in the bladder, or as happens after the bursting 
of a varix in the neck of the bladder — then the albumen 
also disappears from the urine. 

From the foregoing we see that true albuminuria is 
only brought about by changes in the kidney, while the 
origin of the false is always in the excretory passages 
and bladder. During the diseases of the pelvis of the 
kidney, on account of the immediate contact with the 
kidney proper, a form of mixed albuminuria occurs, 
which we have previously alluded to. There remains 
much to be said concerning the diseases of the bladder 
and urethra, for these give rise to different forms of false 
albuminmia. 



1. Cystitis — -Bladder-Catm'rh. 

We distinguish a chronic and an acute bladder- 
catarrh, and with each of these three grades. 

In bladder-catairh of the first grade, the uriue con- 
tains neither albumen nor pus, but simply a great 
increase of mucus, and possesses a slight acid reaction. 
In the second grade the urine reacts alkaline, contains 
albumen and pus, and has a glutinous greenish sedi- 
ment. In the third grade we have a putrid viscous 
urine with a strongly alkaline reaction, contaiuing much 
albumen, pus, and blood. This is followed by ulcera- 
tive processes in the bladder, often complicated with 
suppurative nephritis. 
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The urine from bladder-catarrh shows generally an 1 

alkaline reaction, and many practicing physicians diag- ' 
nose this by the litmua test. 

While this is generally trae, there are also c. 
when with cystitis the urine gives an acid reaction. 1 
This is for the most part noticeable in freshly passed 
urine, which, however, becomes alkaline in a few hours. ^ 



a. Acute Bladder- Catarrh, first grade. 

ConditioTis. — The amount of urine is not increased ; 
it has a normal or dai'k wine-yellow color and is turbid. 
The specific gi'avity remains unchanged. The reaction 
is weakly acid, but in a few houra becomes alkaline, j 
The sediment is considerable, but cloudy, not compact 

The nonnal constituents are unchanged. 

Of the abnormal constituents, we find carbonate t 
ammonium in small amount ; albumen is not pres-l 
ent. 

The sediment consists chiefly of an increased cloudy I 
mucous secretion. Micioscopically we find mucus-cor- 
puscles (young cells) and a small amount of bladder- I 
epithelium. After a few liours we find also single crys- 
tals of ammonio-magnesium phosphate. 

The acute bladder-catarrh of the first grade representftl 
generally a partial disease of the mucous membrane, | 
such as occurs with prostatitis after gonon'htea, or after J 
instrumental investigation of the bladder and urethra. 1 
In women with malpositions of the uterus such a blad* J 
der-catan-h usually accompanies menstrnation. 
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h. Chronic BJ^der-Catarrh, Jirst grade. 

This form is characteiized by a wine-yellow, very tur- 

Ibid urine, witli a normal specific gravity, and whose 

twenty-four Hours' amount is not increased. The reae- 

tion when first passed is acid, but in a few houi-s changes 

suddenly to alkaline. The sediment is considerable and 

[ cloudy. Sometimes the mine, when freshly passed, with 

[ an acid reaction haa a peculiarly strong urine odor. The 

I turbidity does not settle, and consists in great part of 

[ bacteria. 

The excretion of normal constituents is not al- 
(tered. 

Of the abnormal constituents, carbonate of ammo- 
Inium is present in small quantity ; albumen Lg not pres- 
|>ent. 

The sediment consists mainly of an increased cloudy 
Bmucous secretion, with bacteria. Microscopically we 
ffind single mucus-coi'puscles, and also bladder-ejiithe- 
I lium. After a few hours we find single triple-phosphate 
Icrystals in the sediment. 

Such urine is constant with persona who find them- 

Iselves obliged to employ catheters for the passage of 

llirine, as with hyperi:rophy of the prostate, paresis of 

I'the bladder, and similar hindrances to urination. This 

rst stage of bladder-catan'h occurs without exception 

old women who have borne many children, or have 
I teen subjected to cii-cumstances which lead to diseases 
f of the uterus. 



set ANALYSIS OF THE URINE. 

c. Acute Bladder- Cafarrk, second grade. 

This differs from the first grade chiefly by the puB | 
contained in the urine. 

The urine has a dark wine-yellow color, and, is tnr- | 
bid. The turbidity coneiste of mucus and pus, while in I 
the first grade we only find mucus. The specific gravity j 
is normal. The twenty-four hours' amount is not in- 
creased. The reaction of the freshly passed urine is I 
alkaline. The sediment is greenish-yellow, and sticla I 
fast to the glass. 

The excretion of the normal constituent is only so | 
much altered that a part of the urea has changed to car- 1 
bonate of ammonium. 

Of the abnonnal constituents, albumen is present! 
in amount eorrespouding to the pus contained in the! 
sediment ; ammonium cai'bonate is present in consider- 
able quantity. 

The sediment consists principally of an alkaline pus I 
mixed with crystalline and amorphous earthy phosphate, j 
Microscopically we find single blood-corpuacles, urate of I 
ammonia, and much bladder-epithelium. 

Such urine is found with hypertrophy of the pros- 
tate, after using the lithotrite on large and hard stones, 
after dilatation of strictures, after catheterization and 
other instrumental investigations ; further, through con- 
tinuity, with gonorrhcea and acute prostatitis ; and final- 
ly, after catching cold, especially from exposure to cold I 
and moisture. In women, an acute bladder-catarrh with I 
pus is sometimes observed after operation on the uterus I 
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aad vagina, witli perimetritis and pericystitis, and aftei- 
exhibition of cantharides, copaiva, and similar powerful 
I drugs. Badly fermented new beer should also be enu- 
merated as a cause. 



d. Chronic Bladder-Catarrh, 



Characteristics. — A turbid wine-yellow urine, the tur- 
f bidity being caused by pus-corpuscles and bacteria, while 
\ in the chronic bladder-catan-h of the first grade it ia oc- 
casioned by mucus and bacteria. The twenty-four hours' 
amount is not increased. The specific gravity is normal. 
The reaction even when passed is alkaline, The sedi- 
ment is greenish-yellow and sticks to the glass. 

The excretion of the normal constituents, aa also in 

I the acute catarrh, is only so much altered that a greater 

part of the urea has changed to carbonate of ammonium. 

Of the abnormal constituents, we find albumen in 

I the urine in amount corresponding to the pus in the 

f sediment, and much carbonate of ammonium. 

The sediment consists chiefiy of alkaline pus mixed 
with crystalline and amorphous earthy phosphates. 
1 The pus-corpuscles are found greatly distended, their 
contour destroyed, and their nuclei coming out. Often 
1 we only find free nuclei, imbedded in a homogeneous, 
I turbid, ground sediment, and besides these bacteria and 
I single bladder-epithelium cells. 

Often the pus is completely dissolved in a mine rich 
I in ammonium carbonate, whereby the urine becomes 
' Birupy and has a stringy consistence. 
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Such mine is found with hypertrophy of the pros- 1 

tate, paresis of the bladder, and with serious strieturea 
and similar impediments to the urinary excretion. 



¥ 



e. Acute Bladd^r-Catm-rk, third grade. 

This grade embraces those processes which are 
designated as parenchymatous cystitis and pericystitis. ' 

While we are unable always to diagnose these dis- 
eases by the mvestigation of the urine alone, it assists 
the diagnosis very materially, in that by the analysis we 
can not overlook a severe form of purulent bladder- 
catarrh. 

If the amount of pus is very disproportionate, then, ' 
we may suspect the discharge of a bladder-abscess. 

The uroscopic indications are similar to thMe of 
acute bladder-catarrh of the second grade, with the 
exception that the purulent sediment does not stick to 
the glass and is mixed with blood in greater proportion. 
Albumen is present in larger amount than corresponds 
to the pus and blood contained in the urine. 

/. Chronic JBladder- Catarrh, third grade. 

This is a purulent catarrh complicated with ulcer- 
ative processes in the bladder. 

The urine is of a dirty brown-yellow color, and has 
a cadaverous odor. The reaction is strongly alkaline. 
The turbidity proceeds from bacteria and blood- and . 
pus-corpuscles. The specific gravity is lowered. The i 
sediment is dirty yellow, and sticks to the glass.. 



J. 
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The excretion of uormal constituents ia diminished. 

Of the abnormal constituents, we find much albu- 
men, blood-coloring matters, carbonate of ammonium, 
and sulphide of ammonium. 

The sediment consists of alkaline-reacting pus mixed 
■with blood and earthy phosphates. Microscopically we 
observe in lai'ge quantities bacteria, molecular detritus, 
and single cells of bladder-epithelium. 

This process comes from paralysis of the bladder 
and high stages of prostatic hypertrophy. It is com- 
plicated by suppurative nephi-itis or pyelo-nephritis. 
The appearance of ursemia or ammonsEtnia then closes 
the scene. 

Similar unne comes with tuberculous ulcerations of 
the bladder and with diphtheritis. 

With croupous processes in the bladder, which some- 
times occur with women, very large plates of reddish- 
white membrane are excreted with the urine, which 
consist of fibrine. They are often from the size of a 
half dollar to that of the hand. 

Very often upon the passage of the urine cysto- 
asmus is confounded with bladder-catarrh, because 
the symptoms of both diseases are very similar. The 
investigation of the urine alone can determine the dif- 
ferential diagnosis. 

With vesical spasms the urine is generally clear, and 
in case of turbidity this arises from earthy phosphates 
which come down on excretion. The urine is moreover 
pale, and reacts weakly acid or neutral. 

By the heating test the urine becomes turbid, for by 
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this means the earthy phosphates and carbonates fall, 
which are again dissolved on addition of acetic acid. 
Sodium carbonate is also sometimes present. 

Albumen, pus, ammommn carbonate, etc., in contra- 
diatinction to cystitis, ai'e not present. 

In the sediment we find calcium carbonate, crystal- 
line calciimi phosphate, and amorphous earthy phos- I 
phates. Triple phoapliatea and bladder-epithelium are 
wanting. 

2. New Growth's in t 



Since the haemoiThages of the bladder and their ' 
setiological conditions have been described in the sec- 
tion on hEematuria, we will only allude to them in so far 
as they are in close connection with bladder formar I 
tions. 

The following growths are found in the bladder : 

(fit.) Simple fibrous polj-pi, which project into the 
cavity of the bladder ; these ai-e of rai-e occuiTence. 

(h.) Medullary sarcoma ; also of rare occurrence. 

(c.) Epithelioma, 

((/.) Villous or vasculai" tumoiu 

1, Fihi-ous polypi cause simply a bladder-catarrh of.1 
the second grade, and only when ulcerated do we find ' 
blood in greater or less amount in the sediment. 

No histological elements characteristic of this fona ' 
of tumor are found in the sediment. We can not there- I 
fore diagnose this formation from the analysis of the 
urine. 

•C07iia. — The same is true of medul- 




DISEASES OF THE URTNART APPARATUS. 389 

lary sarcoma, except that in later stages it causes a 
bladder-catarrh of the third grade. The mine is at tiniea 
greeniah-brown, with a strongly putrid odor. In the 
aediment we find much molecular detritus, but other- 
wiae no characteristic elements which serve for the 



3. Epithelioma generally develops slowly, and some- 
times occasions a bladder-catarrh of the second and 
sometimes of the third grade. The sediment is always 
more or less blood-colored. 

The microscopic investigation develops oftenest (be- 
sides blood- and pus-corpuscles) numerous peculiar small 
epithelial cells, which now and then appear in such 
large quantity that their number seems to equal the pus- 
corpuscles. 

The epithelial cells are small, round or oval, not dis- 
similar to kidney-epithelium. Sometimes they may be 
caudate, showing two or three small projections. The 
nuclei are fi'cquently very large and brightly glistening, 
and several are visible in the same cell. Sometimes ten 
or twelve of these cells hang together and form an epi- 
thelial shred. (PI. VIII., B.) 

One is not justified in diagnosticating epithelioma 
from the appearance of the various cell-forms in the 
sediment. If, however, a suspicion exists as to its 
presence, it is greatly strengthened by the indications 
of the microscopic investigation. 

4. Villous or vascular tumors can always be recog- 
nized from the investigation of the urine. 

At times two kinds may be distinguished : Ist, the 
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papillary gro^vth (papilloma) of the mucous membrane; 
and 2d, villoua cancer proper. 

Parenchymatous hfemorrhagea are common to both 1 
forms, which may be accompanied by a bladder-catarrh 
of the second or third grade. In the first case only, 
after the sloughing off of the papillary growth which I 
has become necrosed, healing may take place ; while in ( 
true villous cancer a cachectic condition ai'ises, which | 
soon carries off the patient. 

The villous cancer consists of a more or less soft ' 
mass, which, being of the consistence of medullary tis- 
sue, appears to involve the back and under wall of the I 
bladder, so that the thickening or tumor may be felt by j 
introducing the finger into the rectum. Upon this 
tumor, forming at the same time its covering, the true 
cancerous tissue develops itseK. This consists of dilated , 
capillary vessels and a thinner or thicker layer of epi- 1 
thelium. 

Papilloma of the bladder, on the contrary, is confined ] 
simply to the mucous membrane. We are unable to j 
find a thickening of the bladder-wall or a tumor from ] 
rectal investigation. 

From the fact that such a difference exists between 
these two forms of bladder-growth, the question arises 
whether we may not be able to diagnose them vrith cer- 
tainty from urinary investigation alone. This, however, ] 
is not possible, because not infrequently papilloma of J 
the bladder after a time passes over into villous cancer. ' 
Although there are some characteristic indications for"! 
the microscopic recognition of villous tissue, they are \ 
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aot Bufficient to insure a correct differential di^no- 






If we find beautifully constructed villous tissue in 
fine branches, with a very thin epithelial covering, we 
generally suppose that we have to deal with a papillary 
growth in the bladder. If, on the contrary, we find 
villous tissue with a thick epithelial covering, ao that 
one can not distinguish the broadened vessels of the 
^■villus, we conclude usually that we have a villous can- 
to treat. 

These indications from the urine are, however, less 
'eighty than the local proof of a swelling in the blad- 
der-wall and the accompanying cachectic condition. 

On accoimt of the difficulty in separating these two 
;lorras of villous tumor of the bladder, it seems jjroper 
to treat them here as possessing characteristics common 
to both. 

The urine shows the following characteristic indica- 

13 with villous tumors : 

The twenty-four houi's' amount is not increased. 
The specific gravity is normal. The color of the urine, 
as with parenchymatous hgemorrhage, is red-brown to 
brown-black. The turbidity is due to blood- and pns- 
corpuseles. The reaction is generally, though weakly, 
acid. Only when the villous tumor begins to increase 
iPapidly, and the accompanying bladder-catarrh causes 
■fc greater excretion of pus, does the urine possess an 
alkaline reaction. The sediment ia fine and flocculent, 
brownish to brown-red in color, and contains reddish 
or fiesh-colored little fibres or larger similar shreds. 



ANALi'SlS OF THE URINE. 



The consistence of tte urine is usually that of a tbiilT 
fluid, though there occui-s sometimes with villous tumors 1 
(but only temporarily) a fibrinuria with its peculiar j 
gelatinous appearance. Tbia is the only disease of the I 
urinary organs in our latitudes in which even a transi- ; 
tory fibrinuria has been observed. 

The urine when freshly passed appears as a thin 1 
fluid ; but in a few minutes it suddenly stiffens to a J 
jelly-like mass, which can scarcely be poured from the J 
vesseL After long shaking the urine again becomes 
fluid, and may be used for further iuvestigation. The! 
color of the urine with fibrinuria is not always in*| 
tensely bloody, but sometimes ouly slightly reddish I 
yellow. 

Fibrinuria (with villous tumor) is always accom 
panied by severe strangury. One can easily understand 
that with strong spasmodic muscular couti'actionB of tha 
bladder a compression of the blood-vessels penetratiii 
the muscular layer follows. Since the veins, because c 
the thinness of their walls, are more compressible thani 
the arteries, there must arise a stasis in the vessels c 
the villous tumor. If the tension is very great in the-1 
vessels, a rupture of them may occur, and hasmon'hage 
into the bladder ensue. If, on the other hand, the ten* 
sion is not sufficient to rupture the vessel-walls, then the , 
plasma exudes from the capillaries, and coagulates s 
the excretion of the urine because of the containeelfl 
fibrine. * 

* Sach a fibrinuria caused bf severe strongary Las been observed bj q 
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The excretion of normal matters with villous tumors 
is not altered. 

Of the abnormal constituents, albumen and blood- 
coloring matters are found in considerable quantity. It 
is especially to be remarked, that with villous tumors 
there is always more albumen in the mine than eorre- 
aponds to the amount of pus or blood in the sediment. 
This condition depends upon the increased tension with- 
in the supplying vessels of the villous tissue. 

Since these appearaneea, accompanied at the same 
time by an acid reaction of the urine, are very similar to 
the indications of true albuminuria, one must be ex- 
tremely careful in such cases not to diagnose a kidney- 
affection without having distinctly recognized kidney- 
cylinders in the sediment. This precaution is the more 
Decenary, as the inexperienced may easily confuse single 
delicate villous shreds with kidney-cylindera. 

Ammonium carbonate is not altvays provable. 

The flocculent sediment is usually brownish, with 
severe bladder-catarrh dirty yellow, and with profuse 
luemorrhage after rupture of a blood-red color. The 
more blood or pus the urine contains, the more difficult 
it is to recognize the characteristic tissue-fibres which at 
times are very sparingly present. With profuse haemor- 
rhage especially it is only an accident if in the great 
amount of blood one finds a characteristic lump. With 
a purulent sediment one must also be very careful, al- 
though the rod lumps or flakes ai'e much easier to be 
found in the greenish pus than in the dark blood. We 
therefore choose a comparatively clear and less bloody 



394 ANALYSIS OF THE URINE. 

imue for the searcli for villous tissue. After the Bedi- 
ment has sufficiently settled, it should be emptied upon 
a watch-glass, and the red flakes removed on a needle or 
pincette and placed under the microscope. 

The chief constituent of the sediment is blood alone, 
or blood mixed with pus. The blood comes mostly in a 
fluid state, though frequently we observe clots of various 
sizes in the sediment. These are distinguished from 
villous tissue by the fact that they appear dark black- 
red, while the latter are usually flesh-colored. Often,, 
however, we find villous tissue inclosed in the clots 
of blood. The blood-corpuscles show the same forms 
as in parenchymatous hsemoiThage ; we find them of 
various sizes and spherical shape (microcytes). 

ViEous tissue appears in various forms, according as 
the urine possesses an acid or alkaline reaction. It is an 
error to suppose that the villous tissue appears as beau- 
tiful and unchanged as is generally repi'esented in the 
test-books. An unchanged representation of the living 
villous tissue never occurs in the sediment. Such can, 
however, be observed when accidentally a small frag- 
ment of the fresh growth has been detached and 
brought out in the orifice of the catheter. Usually 
only necrotic villous tissue is perceived, and this under 
the microscope may appear in numerous forms. These 
become necratic and are cast off by the bursting of ves- 
sels in the villus. 

In the commencement of the disease we find the 
most perfect villous tissue. We observe then not in- 
frequently, under the microscope, a small shred-lik^ 



I 
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structure, from which the tissue extends similaj' to the 
Mnge of a napkin. The thinner the epithelial covering, 
80 much more distinctly are seen the villi. Since the 
necrotic villi and their vessels are for the most part rap- 
tured, we find but seldom unaltered blood-corpuscles in 
the lumen of the dilated tubes. Beautiful villous tisane 
is found especially with papillary hypertrophy of the 
mucous membrane of the bladdei'. (PI. VIII., B.) 

One is not always so fortunate in his investigations ; 
for, especially with the proper villous cancer, having a 
thick epithelial covering, it is very difficult to find dis- 
tinct villi. The epithelial covering of the necrotic villi 
is in a state of molecular disintegration, so that the 
divisions of the single cells are no longer apparent. It 
is infiltrated with blood- and jms-corpuscles and teeming 
with bacteria. Sometimes one sees in this molecular 
mass true branching forms which show the ground- 
stmctm-e and blood-vessels of the villous tissue. 

Although histologically in such cases we have no 
cbai'acteristic points for recognizing true villous tissue, 
yet there are other very important microscopic data 
which confirm the diagnosis of the same. They are as 
follows : 

Under a high power of the microscope, if one ex- 
amines the necrotic tissue, we find single spots of the 
epithelial covering colored brownish. On examining 
these spots more carefully, we observe, if the urine 
possesses an acid reaction, beautiful yellow or brown 
rhombic plates of haematoidine, and yellow grassy forms 
which consist of the same coloring matter. If we per- 
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mit a drop of HNOs (fuming) to flow under tLe covei^l 
glass, then we observe under the microscope that the I 
brown-yellow spot, and even the entire necrotic villona I 
tissue, becomes successively green, blue, and violet. 
Hsematoidine is a characteristic proof of old hsemor- I 
rhagic tissue, and is to that extent of diagnostic signifi- 1 
cance for bladder-cancer. 

In such necrotic pulpous tissue not seldom peculiar | 
crystals we found, which, as we learn from better pre- 
served specimens, are peculiar to villous tissue, and are j 
found in the urine only in connection with it. These I 
are small, colorless, round rosettes, which are only \ 
soluble in concentrated acids and alkalies, and that 1 
without evolution of gas. Diluted acetic acid does not J 
alter them. They consist most probably of oxalate of j 
calcium, since they effer\'^esce actively upon addition of I 
acids after strong heating. These supposed calcium- i 
oxalate crystals we find, as before stated, only in j 
the parenchyma of villous tissue, and only in acid i 
urine. 

If the urine is strongly alkaline, and a considerable I 
purulent bladder-catarrh is present, we find the necrotio I 
tissue perfectly incrusted with earthy phosphates and j 
ammonium urate. The patient has a distinct sensation i 
as if sand had passed the urethra, and generally desires J 
an examination for stone. 

On examining the soft parts of these incnasted flakes, ' 
we find them to be infested with bacteria, accomjmnied 
by homogeneous structures, groups of fine needle-formed 
crystals (crystalline phosphate of lime), and large crys- 
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tals of aminonio-raagnesium phosphate and urate of am- 
monium. Sometimes in this incrusted flake we may 
find a portion of the hai-d groundwork of villous 

cancer. 



If a stone is present in the bladder, we generally 
find blood in the urine after strong bodily exertion, 
which disappears after a long rest. With etone the day 
urine is consequently accorapauied by more, blood than 
the night urine. In this characteristic it differs from 
other forms of hiematuria, in which the mixture of blood 
is constant at every evacuation. 

Bladder-stones frequently set up a bladder-catarrh. 
If the etones are small and have a smooth surface, i, e., 
stones consisting of uric acid, then we find only a blad- 
der-catarrh of the fii-st grade. If, however, the stone is 
larger or has a rough surface (oxalate, phosphates), we 
then find a purulent bladder-catarrh of the second grade. 
The hemorrhage will be more severe, as the stone is 
rougher upon its surface. 

When there is present a smooth stone, the reaction 
of the urine is usually acid. If, however, a profuse 
purulent catarrh accompanies the stone, the reaction will 
be alkaline. 

It is important to consider whether a kidney-affection 
or pyelitis exists in complication with the bladder-stone, 
since it may be the case that, besides the stone in the 
bladder, we may also find concretions in the kidney- 
pelvis. We have then the indications of cysto-pyelitia 
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with hffimorrliage. (See the section on Mixed Albu- ' 
minuria.) 

The determination of the chemical constitution of 
the stones depends upon the chemical constituents of 
the urine ; for the crystalline and amorphous forms in 
the sediment constitute the outer layer of stone. The 
kernel in most cases consists of uric acid, since, in our 
experience, of 100 bladder-stones 90 per cent, contained 
the uric-acid kernel. 

4. Diseases of iJi£ Urethra and Prostate. 

These do not essentially change the character of the 
urine. With acute and chronic prostatitis, and also with 
hypertrophy of the prostate, occurs usually a bladder- 
catarrh of the firat and second grades as a complication. 
To the acute and chronic prostatitis is added generally 
a bladder-catarrh of the fii'st grade ; to hypertrophy of 
the prostate, corresponding to the retention of urine, 
sometimes a chronic bladder-catarrh of the first and 
sometimes of the second grade. With prostatic hyper- 
trophy of high degree, usually spermatozoa are found in 
the urine. It appears that the growing glandular tissue | 
presses upon the muscular walls of the ductus ejacular 
torii, and thereby allows the escape of the spermatic 
fluid. 

With spermatorrTuea the urine is generally neutral 
or alkaline. It becomes cloudy on heating, and the pre- 
cipitable earthy phosphates fall and dissolve upon addi- ' 
tion of acetic acid (Heller's bone-earths). Albumen 
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ifl not present. In the secliment we find, besides nu- 
merous spermatozoa, calcium-carbonate and caleium- 
phoaphate crystals, and sometimes also ammonio-magne- 
sium phospliate. In the urine after the escape of semen 
we constantly find apeimatozoa ; it is therefore very im- 
portant, before a diagnosis of spermatorrhtea is made, to 
ascertain whether passage of the urine brought for ex- 
amination has been immediately pi'eceded by a pollu- 
tion or coition. 

With acute and chronic gmtorrhma we find in the 
sediment pus-corpuscles and single cylindrical epithelial 
cells from the urethra. Albumen, however, is not prov- 
able in the urine. 

Should it be doubtful whether the purulent sedi- 
ment of the uiine aiises from the ui'ethra or a higher 
portion of the urinary tract, the patient should (accord- 
ing to Thompson) uiinate into two vessels. The first 
half of the evacuation would contain the pus from the 
urethra, while the second portion would contain only 
the catan'hal secretion of the bladder or the kidney- 
pelvis. 

The so-called gonorrhoea! threads which almost con- 
stantly appear in the urine of gonorrhoea, even after 
normal healing, are usually catari'hal secretions from the 
ducts of the accessory glands of the urethra. Only the 
very long threads, which are seldom found, are formed 

I in the urethra itself. 

Two kinds of gonorrhoea! threads may in general be 

I distinguished. The first are thicker and longer, and 
have not infrequently a knob-like swelling on the end. 
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These arise usually from the pars prostatica urethrsB. 
The second are thin and short, and show no knob-like 
swelling. These arise generally from Littr^'s glands of 
the urethra. 

Such a thi'ead under the microscope is seen to con- 
sist of pus-corpuscles, mixed with small cylindrical epi- 
thelial cells imbedded in a homogeneous ground-sub- 
stance. (PI. VI., A, 2.) 

With croup of the urethra appear small and white, 
filmy or tube-formed structures, mixed with pus and 
blood. These consist of fibrine, and are washed out by 
the stream of urine. 



DR. ULTZMANN'S SACCHARIMETER 

FOR PEACTIOING PHYSICIANS AND STUDENTS. 

The high price and complexity of the polarization 
apparatus generally used induced me to request of 
Herr Reichert a saccharimeter adapted for use with a 
microscope-stand, and in accordance with a design of 
my own. He cheerfully undertook the task, and has 
constructed a very useful instrument. The principle, 
importantly modified in its application, is that of the 
Mitsherlich apparatus, which has been so variously ap- 
plied by physicians. 

The great advantages of this instrument over others 
are: 

1. No artificial source of light is needed, for the 
concave mirror of the microscope-stand brilliantly il 
luminates the field of vision. 

2. The apparatus itself is small (it is scarcely longe;» 
than the fully elongated tube of a medium-sized micro 
scope) and needs no separate stand. 

3. By means of this instrument the percentage ol 
sugar can be directly calculated. 

4. The entire apparatus can be had for a compara 
tively very small cost. 
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After three years' experience with it, during which " 
time I have had the opportimity of analyzing many diar , 
betic urines, I can at present say that this instrument, 
in its latest form, answers all the requirements of the 
practicing physician, and I can therefore most highly ' 
recommend it. 

In using the apparatus, the tube, objectives, ocular, 
etc., of the microscope are withdrawn, and in their 
place the saecharimeter is inserted and made fast to the 
stand by means of a small screw,* The concave mirror \ 
is then turned into position, and by look- 
ing through the instrument it is deter- j 
mined whether or not it is properly ad- 
justed. 

In the accompanying figui-e a is the 
biconcave and h the objective leus of a 
small Dutch telescope, the focal distance 
of which extends to ^; c is the upper 
Nicol prism, with which a vernier is closely 
connected ; c? is a glass tube for holding 
the suspected fluid, which should be fil- , 
tered or otherwise cleared up before an- 
alysis ; ^ is a double plate of right and J 
left rotating quartz ; and / the lower | 
Nicol prism. 

The arc [fixed scale] is so divided J 
that one division of it represents oueperJ 
cent, of grape sugar at a temperature of ( 

* The stands most tiaed in Vienna are Reichert'a No. ITT. and Hartnttob's | 
No. VIII., but tlie saecharimeter may be attached to any stand. 
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20° C By means of the vernier, tentlhs of a degree (i. 
e., of one per cent.) can be very approximatively deter- 
mined. Since ten degrees of the vernier correspond ex- 
actly with nine degrees of the arc, to the percentage of 
sugar found must be added as many tenths as spaces 
are counted on the vernier up to that division which 
exactly coincides with a division of the arc. 

If, for example, the zero point of the vei'nier does 
not quite reach (toward the right) the five-point of the 
scale, it indicates that the percentage of sugar is more 
than four and less than Jive per cent. If it be desired 
to estimate the tenths per cent., and the sixth division 
of the vernier is the first (counted from the zero point) 
to coincide with a division of the arc, then six is the 
number of tenths required, and the apparatus would in- 
dicate in this case 4-6 per cent, grape sugar present. 

In estimating the strength of cane-sugar solutions, 
it is to be borne in miud that the polatization power 
of cane sugar is three quarters that of grape sugar. 

Both the above-mentioned kinds of sugar turn the 
polarized ray to the right, albumen (i. e,, serum-albu- 
men), on the contrary, toward the left, and as far to- 
ward the left as grape sugar toward the right. 

If the glass tube of the saccharimeter is empty, or 
contains a fluid holding in solution substances having 
no optical influence (for example, normal urine), the 
zero point of the vernier Coincides exactly with the 
zero point of the scale, and the two halves of the field 
of vision are exactly isochromatic. 

If, on the contrary, an optically active substance is 
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contained in the fluid (as, for example, sugar), the nor 
mal isocLromatism of the two halves disappears, and i 
distinctly unequal coloring takes place. This is the 
more appai'ent the greater the amount of optically 
active substance present in solution. When this un- 
equal coloring occurs, the vernier is to he moved to- 
ward the right or left (according to the presence of 
sugar or albumen) until' the color of the two halves is 
again esactly the same. The percentage is then read 
off the scale in the way above mentioned. 

If a diabetic urine ia very light colored and clear, it 
can at once be put Into the glass tube of the instru- 
ment and the determination made. If, however, it is 
dark and cloudy, and contains albumen, it ia advantar 
geous to first clarify it and remove all disturbing sub- 
stances. This is best accomplished by means of a ten 
per cent, aqueous solution of sugar of lead. The lead 
acetate causes in urine a copious white precipitate, con- 
sisting of lead chloride, phosphate, and sulphate, and 
the precipitate carries down with it all the coloring 
matter of the urine and such albumen as may be pres- 
ent. If the urine is then passed through a diy filter, , 
the resulting filti'ate is almost as cleai' as water, and ia 
pai-ticulai'ly well adapted for the apparatus. Since, 
however, the amount of sugar in the mixture (after the 
addition of the lead-acetate solution) differs from that 
in the urine, the amount of dilution must be taken into 
account in estimating the sugar present. It is best, 
therefore, to take 75 c.c. of urine, and to that add 35 
c.c. of lead-acetate solution, shake, and filter. In esti- 
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mating the sugar present in tlie urine, one quarter of 
the percentage of tbe mixture added to that percentage 
will give the percentage of sugar in 100 cc. of urine. 
In other worda, the percentage of the mixture is three 
quarters that of the urine. 

For example, if to 75 cc. of a dai-k, albuminous sac- 
charine urine have been added 25 cc. of lead-acetate 
solution, the mixture filtered, and found to contain 4'8 
per cent, sugar, then 1'2 per cent, must be added to 
give the percentage in 100 cc. of urine, which would, 
therefore, contain 4'8 -|- 1"2 per cent. = 6 per cent. 
sugar. 

In filling the glass tube, care must be exercised that 
no air bubbles are included in the fluid. It is well, 
therefore, to fill the tube as full as possible and push 
the glass cover on from one side before screwing on the 
top. 

[We have used the above-mentioned instrument for 
several months, and find it gives results agreeing within 
a small fraction of a per cent, with those given by Feh- 
ling's test with artificially prepared solutions of glucose 
in distilled water and urine, and with diabetic urine. 
In the latter ease the sugar must be present in more 
than one per cent, to give satisfactory results, In 
using it one should look but a few seconds at a time 
and make several observations. — Teattslatoe.] 
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In view of the lai^e amount of literature recently^l 
publiahed concerning albuminuria, the addition of a I 
few words, supplementary to the text, would seem de- j 
eirable. 

With the increased delicacy of our tests, and the ] 
greater attention paid to the subject, albumen is now 
frequently detected where formerly it would have been j 
overlooked. Thus, hundreds of cases have recently 
been reported, and by numerous observers, where albu- 
minuria haa been found, and in at least a large number j 
of these cases the individuals were apparently healthy. 
For instance, Prof. Grainger Stewart found albuminu- 
ria in 31 per cent, of 407 persons in apparent health ; 
and Dr. G. R, Shepherd, in a coUated total of 35,000 | 
examinations for life-insurance and other purposes, re- i 
ported albumen found in 2 per cent. ; while Posner ] 
asserts, as the result of his investigations, that serum- 
albumen is constantly present (in small q^lantity) in I 
normal urine. Unfortunately, the kind of albumen [ 
found has not always been stated, although it has usu- 
ally been serum-albumen or globulin. 



According to tlie chief characteristics of the differ- 
ent varieties of albuminuria observed, various titles 
have been proposed for them : thus we have " cyclic," 
" paroxysmal," " intermittent," " simple persistent," " di- 
' etetic," and " physiological " (sic ! ). Dr. C H. Kalfe 
' advocates the use of the term " functional " to include 
these varieties, and deiines as " functional albuminuria " 
that form " which is not dependent upon structural dis- 
ease of the kidneys, or proceeding from morbid condi- 
V tions of the urinaiy passages." This term, although not 
[ new and not unobjectionable, would seem to be a con- 
venient one ; at least, iintil the physiology and pathol- 
! **gy of albuminuria are better understood. 

We now know that albumen appears in the urine 

1 after severe muscular exercise, excessive mental work, 

cold bathing, and even ingestion of food (especially in 

' the case of dyspeptics) or rising from bed ; and while 

' in many of the cases reported there may have been 

hypertemia or structural disease (unrecognizable) of 

the kidney, yet in others it seems necessary for us to 

i assign the condition to " faulty metabolism," or confess 

our ignorance as to its causation. 

What especially concerns the practitioner, however, 
is the fact that simply the occurrence of albuminuria 
does not warrant a grave prognosis or even rejection 
for life-insurance. Of more importance than its simple 
presence is the persistence of the albumen in the urine, 
its approximate amount (in functional albuminuria it is 
usually O'l per cent, or less), its accompaniments (es- 
pecially casts, cells, etc.), and its probable origin. 
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The two following tests — bigUy commended by! 
some urine-analyzers — are appended : 

The Nitric- Magnedan Test was suggested by Dr. j 
Roberta, and consists of one volume strong nitric acid and 
five volumes saturated solution of magnesium sulphate. 
Owing to its specific gravity (1240), it is used by tbe 
contact method. It is claimed for this test that it is 
equal iu delicacy to tlie mercuric iodide and phenic- 
acid tests, and acts as does nitric acid witL albumen, i 
mucin, and peptone. It is less corrosive tlian pure I 
nitric acid, but can not be used with urine clarified by | 
liquor potassse. 

The PJienic Acetic Acid Test was suggested by 
Millard, and is claimed by him to be aa delicate as the J 
foregoing. It behaves toward mucin, peptone, Mid the I 
alkaloids as do the potassio-mercuric iodide and picric- ] 
acid tests. Its composition is ac. phenic (glacial), 95 I 
per cent., 3 ij ; ac. acet. pur., 3 vij. Mix, and add liqua^ 
potassffi, 5ij 3v|. 
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The PhenyJrHydrazin Test. — The use of phenyl- 
hydrazin hydroclilorate aa a test for sugar in the urine 
was first suggested by Dr. Emil Fischer, of Eriangen, 
and has been advocated abroad, especially by Dra, von 
Jaksch, Ultzmann, and Grocco, and in this country 
first by Dr. A. K. Bond, of Baltimore.* It depends 
upon the formation of a crystalline substance, " phenyl- 
glucosazon," when to a solution of glucose the phenyl- 
hydrazin salt is added in the presence of an excess of 
sodium acetate. 

Ultzmann's method of using the test, slightly modi- 
fied by Bond, is the following: Into a test-tube five 
inches long pour the phenyl - hydrazin salt (a dry, 
crystalline, bran-like substance) to the height of about 
four tenths of an inch ; add powdered crystals of so- 
dium acetate to the same height above, and urine to 
one half the height of the tube (Ultamann first removes 
albumen if it be present). This gives approximately 
by weight one part phenyl salt, two parts sodiun* ace- 

* "Medical News," Augnst 6, 1887, and "Baltimore Dnderwriter," 
Septemlwr 30, 1887. 



AKALrSIS OF THE URINE. 



tate, and fifteen parts urine. Shake the tube gently i 
until the eodium acetate is dissolved, and then boil 
carefully for half a minute ; set the tube aside, and ex- 
amine for ciystals. If sugar is present, there will be i 
deposited yellow, needle-like crystals, having a strong 
tendency to form clusters or sheaves. These ciystals 
melt at a temperature of 204° C, and are distinctly 
visible macroacopically if much sugar is present. The 
time required for the deposition of the crystals varies 
jjroportionally with the amount of sugar present. If 
there is a lai-ge quantity, fifteen minutes may suffice ; if 
a very smaU quantity, forty-eight hours may be re- , 
quired. Whether the crystals are visible macroscopi- 
cally or not, the sediment should be examined with the 
microscope (a power of two hundred diameters am- 
plification is sufficient), when, amid the red globules 
caused by excess of the phenyl salt, will be seen beau- 
tiful needle-like crystals, in clusters, should the mine 
contain sugar. 

It is claimed for this test that it does not react with 
normal urine ; that it detects sugar in as small quantity 
as does Fehling's test ; and that it reacts with all sub- 
stances of the sugar class which reduce alkaline copper 
solutions ; thus it reacts with glucose, levulose, lactose, 
cane-sugar, maltose, and sorbin, but not with inoaite or 
trehalose. Of these substances, however, levulose and 
lactose are the only ones occurring in urine which can 
be confounded with glucose, and levulose rarely occurs 
without glucose, while lactose ouly occurs in the urine 
of pregnant or nursing women. This reagent does not 
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spoil by keeping, and its mixture with urine being an- 
tiseptic, allows the crystals foi'med to be detected 
weeks after their precipitation. K all claims made for 
it be confirmed by continued trial, it will be perhaps 
our most satisfactory qualitative test for sugar. 

The following new tests for sugar have been advo- i 
eated by H. Molisch:* Take 0-5 to 1 c.c. of urine and i 
add to it 2 drops of a 15 to 20 per cent, alcoholic alpha- 
naphthol solution, and an excess of concentrated sulphu- 
ric acid ; shake, and, if sugar is present, a deep violet . 
color is developed. On dilution with water, a violet-blae 
precipitate occurs, which is soluble in alcohol and ether, 
with a yellow, or in potassium hydi'ate with a golden- 
yellow color. If thymol be used instead of alpha- 
naphthol, a deep-red color is produced, and upon dilu- 
tion with water a carmine-red, flocculent precipitate, 
soluble with a pale-yellow color in alcohol, ether, and 
potassium hydrate, and with a bi'ight yellow in ammo- 
nium hydrate. Most kinds of sugar, except inosite, and 
most glucosides, respond sooner or later to these teste. 
Indican does not. Urea, creatinin, xanthin, uric acid, 
aUantoin, hippuric and succinic acids, phenol, and 
pyrocatechin give negative results. Molisch considers 
these the most delicate testa, however, and claims that 
they will detect O'OOOOl per cent, of sugar. Normal 
urine responds to these tests when diluted with 300 
volumes of water. 

To distinguish normal from diabetic urine he recom- 
mends the following ; (1) Dilute a specimen of normal 
• " Boaton Medical and SargicMil Journal," vol. oxvi, No. 15, p. 354. 
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and one of suspected mine with 100 volumes of water, ' 
and compare the colors resulting from the application 
of the the tests. (2) Dilute two similar specimens with i 
400 volumes of water ; the diabetic urine will still re- | 
epond to the test, while the nonnal wlU not. 

Seegen carefully examined these testa, and found 1 
that sugar in 0*05 per cent, gave both reactions distinctly. 
Solutions containing O'Ol per cent, gave with thymol a 
dark sherry-yellow color, and with alpha-naphthol a faint 
violet tint; but on dilution with water no precipitate 
was foiined. Normal urine reacted, as described by I 
Molisch, but on dilution with 100 volumes of water > 
there was no precipitate. Various animal substances 
and secretions and chemically pure albuminous bodies, 
as peptone, egg-albumen, serum-albumen, and casein, 
also gave the same reactions. He therefore regards 
these tests as less delicate than Trommer's, and as of 
no value as tests for sugar alone. 

Molisch responds that these tests are more delicate 
than Fehling's solution, although with dilute solutions 
of sugar solid alpha-naphthol should be used instead of 
the solution. The albuminous bodies, he claims, give 
results somewhat resembling those with sugar, but the 
precipitates obtained upon dilution with water are of a 
different color (diity-yellow or yellowish-brown), ex- 
cepting that with peptone, from those mth sugar. Hy- 
drochloric acid also will dissolve these precipitates with j 
a carmine-red or reddish-violet color, while the precipi- 
tate obtained with the sugar solutions is insoluble in 
this acid. In place of sulphuric acid, hydrochloric acid* 
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may be used in these tests, the mixture being subse- 
quently boiled for a minute. Fibrin, vitellin, serum- 
albumen, egg-albumen, and peptone do not give the re- 
action when hydrochloric acid is used. Normal urine 
gives the reaction when boiled with alpha-naphthol and 
hydrochloric acid, even if diluted ten times, and he 
therefore considers that it must contain sugar or some 
body as yet unknown. 

The experiments of Wedenski* and Udrdnzkyf 
tend to prove the constant presence of glucose, or at 
least a carbohydrate, in the urine, and the latter states 
that the alpha-naphthol reaction of Molisch simply 
proves the presence of carbohydrates, but does not dif- 
ferentiate between them. 

* "Zeitschrift fUr physiol. Ohem.," xii. Bd., S. 122. 
t "Zeitschrift far physiol. Ohem.," xii. Bd., S. 377. 
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J^HW REDUCING SUBSTANCES. 

Dr. Robert Kirk * describes a new acid, which he 
found in the urine of three brothers, and which gave 
the reactions of Boedeker's alkapton. It reduced cop- 
per but not bismuth salts, and readily oxidized in the 
presence of an alkali. The mine containing it took on 
a dark color from the suiface down on exposure to air. 
The acid ethereal extract of the urine deposited ciystala 
of the acid in question, and they occurred in the form 
of long, thin prisms, with oblique ends, sometimes col- 
lected in stellate or sheaf-lite clusters. The substance 
resembled glycuronic acid in some of its relations, and 
seemed closely related to pyrocatechin and protocate- 
chuie acid. He pi-oposed to call it " urrhodinic acid." 
Its pathological significance is not known. 

An interesting case occurred in the practice of Dr. ' 
Frank Donaldson, Sr., of Baltimore, the urine of which 
was independently examined and reported upon by 
Drs. John Marshall f and T. Barton Brune. J The 
patient was apparently healthy, but had been re- 
peatedly rejected by life-insurance examiners, on ac- 

* "British Medical Journal," November 17, 1888, 
t " Medical News," Jannarj 8, 1887. 

I " Boston Medical and Surreal JoDrnal," December 80, 1886, and Jann- 
urj 27, 1887. 
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count of supposed glycosuria. His urine was perfectly 
clear and without sediment. On standing several houra 
it became first a reddish-yellow ; later, a brownish-red 
from the surface downward. It gave a poi-t-wine red, 
later, an almost black color, with sodic hydrate. Nitric 
acid almost decolorized the fluid, but evolved no cara- 
mel odor. The substance produced a brown color in 
the supernatant fluid with Boettger's test, but did not 
reduce the bismuth salt. It gave a light violet color 
with thymol and sulphuric acid. It gave no appreci- 
able reaction with polarized light ; it did not fermeilt, 
and, according to Dr. Bond, did not react with plienyl- 
hydrazin hydrochlorate. It did, however, reduce cop- 
per salts, and gave the sugar reaction with Johnson's 
picric-acid test. With ferric chloride it gave a faint- 
green precipitate. Both Drs. Marshall and Brune iso- 
lated the substance in crystalline form, by methods de- 
scribed in their articles. Its crystals were opaque, 
needle-shaped prisms, arranged in groups radiating from 
a center. They melted at 140° C. Dr. Marshall found 
it to be an acid, and proposes the name of " glycosuric 
acid " for it, Possibly it is identical with Kirk's " ur- 
rhodinic acid " ; apparently it is a phenol derivative. 

Leo,* after removing all the ordinary reducing sub- 
stances, such as uric acid, creatinin, coloring matters, 
etc, found, in three out of twenty-one cases of diabetes, 
a new substance belonging to the sugar series and iso- 
meric with glucose. It reduced strongly copper-oxide 

• " Dontache med. Wochen.," 1886, 8, 869 ; and Virohow's " Arcliiv," 
li<i. Mir, 8. 89. 
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solutions ; was Isevogyrate and non-fermentable. Hff 
did not find it in nornaal urine, and no name bas been 
proposed for it. 

Leube* found in the mine of a patient having 
osteomalacia, cystitis, and nephritis, a new coloring mat- 
ter, which turned the urine a dark violet to brown 
color on exposure to air (i e., oxidation), and gave a 
brown, later, yellow color with alkalies. It gave char- 
acteristic spectroscopic appearances. 

In addition to the substances above mentioned, the 
following, when introduced into the system, form com- 
pounds or derivatives ii^ the urine which have the 
power of reducing alkaline copper solutions, viz., tur- 
pentine (as mentioned in the text), chloroform (un- 
changed), benzoic and salicylic acids (the sodium sali- 
cylate derivative also reacts with potassium picramate), 
copaiba, hydrocliinon, phenol, benzol, tannic acid, gly- 
cerin, and ortho-nitrotolutil (Laache), eubebs and cam- 
phor (glycuronic acid being formed). The glycuronate 
of potassium also forms crystals with phenyl-hydrazin 
hydrochlorate, but they melt at 114° to 115° C. 

Some of these substances are also active toward 
polarized light : thus, glycuronic acid is dextrogyrate, 
while the copaiba derivative is laevogyrate. The tur^ 
pentine compound seems also to be fermentable. 

The occurrence in urine of such bodies as these, and 
others before mentioned, emphasizes the propriety of 
questioning the patient as to his ingesta, and the necessity 
for using more than one test in examining for sugar. 

• " American Journal of the Medical Sciences," vol, jciv, p. 546, 
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The AlmenrSchonhein Test for blood in urine is 
highly commended by Laache* as very delicate and 
reliable. Its simplicity recommends it to physicians. 
To perform it, proceed as follows : Mix 1 c.c. of freshly 
prepared tincture of guaiacum with an equal volume of 
ozonized oil of turpentine (i. e., oil of turpentine which 
has been exposed to the atmosphere for a long time), 
and pour the mixture carefully down the side of a 
reagent glass upon the surface of the suspected urine ; 
the reagent wiU float upon the urine, and immediately 
between the two fluids will occur a resinous precipitate 
in the form of a grayish- white (later, dirty-yellow or 
green) layer, and directly above it, if blood is present, 
a beautiful indigo-blue ring, which will contrast sharply 
with the nearly colorless supernatant fluid. Upon 
shaking the contents of the glass, a clear blue emulsion 
will result. 

Mahomed's test, and Stevenson's modification of it, 
are based upon the same reaction, ozonic ether being 

used instead of oil of turpentine. Saliva, nasal mucus, 
and a salt of iodine occurring in the urine of those taking 
iodide of potassium, are said to cause a similar reaction 
(Tyson). 

♦ " Ham-Analyse," 8. 91. 
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PLATE I.— A. 
1. Epilhelium from the straight tubes of ihe kidney. The eyliudrical rells coiue from 
the part nearest the papilla, the others from the higlier tubulea (metlullHry nje). 
After long gtimdiag these become spherical. — 2. Epithelium from the tddney, 
pelvis, ani] ureters. — S. Bpltheliutu of the bladder.— 1. Epithelium of the pros- 
tate. — 6. Epithelium of Cixvper's glands. 

PLATE I.— B. 
I. Epithelium of the male urethra. — 1. ftpilMiura lA ihe lemiift -OTiiiit*,.- 

'■ of Lfdri'B glands. Plate I., A,, * aii4 l>, mii l^-ut "V-,*j.^ ™^^ 
a (he so^!alled cyUndrical epithelium. — \. N BjpiuA «¥>.'CasSwsii. ■•^™ 
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PLATE ir.— A. 
I Frimar; forms of uric-ncid uryBt&la, the so-called 
Klwa^B colored ae » ' 
and repradpitatiun. 

PLATE 1I.~B, 
p-.Dric sdd: the Bedimeat ob found in native urine; roee 
also the sharp (>r;atalit as found in pyelitis cbIcuIub 



1 lamellated cryslale : 
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PLATE III.— A. 
1. Nitrate of urea, ub seen when a drop of HNO, in allowed to flow under ihe coser-gUsB. 
Rhombic snd heiLaj^DBl plates. — 2. Oxalate of calcium, ut the naiive sediment 
of ui acid urine. Tetrogooal octshedrooa and the »o-cslled hour-glssd formt. 
PLATE UI.—B. 
Triple phosphate (NH,)M,FO, + 611,0. Tlie common coffin-lid eryBtala m the bottom 
of the ligure, oad above the fem-leaved cr^etolH at t.^ i^&nve, «& «iw\<. liVKb. 
quicklj precipitated by addition of ammoniB.. T\\e crjSiA'i to 'liiB.V^^iwt -m^A^ 
bnnd ooraer are oryatala of phoBpWte q1 c»\iA>rai, ot ftife ^"«™»*S ^^?*-^ 
^t SB,0, from a treaklj acid nrine, with a tea&enc; 
^^ Mp/e phosphate is fouud in olkaUne uTtne. 
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PLATE v.— A, 
Hemin, or ciiloride of hiematio, obtained by adding a f^ia of salt to the rctidue 
of B drop of urine evaporated on an object-glaas, and then allowing a diop of 
autio acid ta flow under the cover. — S. Blood-oorpuBcloB of vsriouB forms, and 
a blood-oylinder. 

PLATE v.— B. 
of sodium, the amorphouG prerapilnte (aedimentum latpritium) ; also, ibe cr^a^ 
tala of calcium oxalate and uric acid, together iiVlh l.^mnwoX*.'*™! tai^'"' 
np the sediment of tt febrile urine. 
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PLATE VL— A. 
Cjatine: the ponder of a (.-ystine atone dissolved in stumonla, and evaporated o 
4n object-eiSBB ; hexogonsl plates, colorless. — 2. Gonorrhical thread, the catai 
rhal Beoretion from the accetaorj glanda of the Qrethra. — 3, Spermatoroa. 
PLATE VI.— B. 
!. CatriuiD carbonale, seldom found. — 2. Sediment of an alkaline urine, Bpherei 
diimb-liella, and granular precipitate, found uauallj in cctD&etiCus^ ■•i\'Ca *&>& *kxK 
phoapbatH. 
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PLATE VII.— A. 
The mwaivB fibrin cjlioiler. — 2. The gninuUr cvlindera. — S. The hyaline cylinder. 
— 4. The w&ij cylinders. — G. Epithelinl casts and cjlioders. — S. The uric-uHd 

PLATE VII.— B. 

The ordiD&rj piiB-corpiisulcB. — 2. Tlio«e with pmlonpationx showing amieboid 

morenientH. — 3. GorpuBi^le)' with their nuclei rendered dteda^ >i^ i^Kuii 

acid. — 4. CorpuBoles ob sltereil hv rfwouic pjeWfia. — 6. Coi¥o.wi'«» *•*' 

" of carboiiBte of 
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PLATE VIll.— A. 
. Ye»st tuaff. — 2. Fenidllum gUncum. — 3. Sjwdn*. — i. Cyst of the eehioococcus, 
wilU detached hooka. 

PLATE Vin.— B. 
■a> Cancer elementx, as seen in the sediment of meduUary epithelial cancer of the blad- 
der, — 2. A fragment of c&ncerouH Hllone tissue of aeldom ' " ' 
thelial cells stripped from snrtaoe of villous cancer. 
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late Profeaaor of the Principies and Practice of Snrger/ in the Bellevno 
Uoapital Medicul College, etc., etc. 






" The reiieTer too often Gnds it a difficult task to dtBCOTcr poiotB to praise, in 
tha,t his critidsma ma/ not seem one-sided and unjuBt. These lectures, however, _ 
him opon the other horn of the dilemma, viz., to find somewhat to criticise severclj enongh 
to clear hiiuielX of the charge of indtscriminBitiiig laudatiuo. Of course, the aothor apholde 
BOtoe views which coofliol with other authorifies, but he Bubslantiatoa them bj the most 
powerfnl of arguments, viz., a, large experience, the results of which are enunciated b; 
one who elaewhece shows that be can appreciate, and accuid the due value to, ihc work 
utd ciporienoe of others." — Archives of Medieine. 

" The present ia a new volume rather than a new edition. Both its size and material 
are vaMlj beyond its predecessor. The same scholarly method, the same culm, convtndng 
Btatcment, the aame wise, careEuily matured counsei, pervade eveij paragraph. The '^- 
comfort and dangers of the diseaaes of the rectum call for greater conBldemtion than 
ueoaJly receive at the hands of the profcastan."-'i>c2ri)if Lancd. 
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This work is really a compendium of, and a book of reference 
treating in any way of the surgical diseases of the genlM-urinary orgaus. At the sal 
time, no other single book conlaioa so lai^e an array of atigii-al facta concerning the 
dasB of disea^B with which it deals. These facts are largely drawn from the extensive 
and varied experience of the authors. 

Many important branehes of genitourinary diseases, as the cutaneous maladies of 
the penis and scrotum, receive a thorough and exhaustive treatment that the profcsEional 
reader will search for elsewhere in vain. 

The subject of syphilis is included, of necessity, in this treatise. Although properly 
belonging to the department of Principles of Surgery, there is no disease falling 
the limits of this work concerning which clear and correct ideBD us to nature and 
ment will, at the present time, ao seriously influence Bucce<js in practice. 

The work is elegantly and profusely illustrated, and enriched by fifty-five ori^nal 
eases, setting forth obscure and difficult points in diagnosis and treatment. 
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We iavita the attentioD of stTideiits and practitioners of medicine to the 
following opinions and notices of thia sterling work: 

Dr. J. WlLLiSTON WaiOHT, Pro/egaor of Surperif in the Mediail Dtpartment of the Um- 
veraUy of Ott CUy of Nea York, and in the MedUd Dgiarlnuni of Ihs Univerni!/ of 
Vei'mont, mriles : 

" The coDclae and eyBteiDiitia manner in wbioh the nccomiiliBliod author has treated the 
subject meets ray hanrty apptovid ; ood as s book, fully up to the times in whatever tha 
crucial tost of experience naa aasiirned a dffiniie place ra our art, should comuiend itself 
alike to studeota aod practitiouers of medicine and surgery." 

Dr. RoawKLL Park, Profetsor of the Pnnciplea and Pradke of Surgery and CUnieal 
Surgery in the Medical Iteparlmenl of the Univrrsili/ of Buffalo, arilei: 



Dr. C. T. Pjhkes, Profeiaor of Surgery in RutA Medical Cotttge, Ckieago, » 



praaticiog surgeon 

" This work by Dr. Bryant, one of the foremost auTBeons of New York, is a credit to oar 
oountry and profession. The book is of a bitndy aize, and printed IVom eood, clear type, 
and yet. with these ndvantajtes, it has not been condensed so bb to deprive it of the valuu of 
Ihe mnst complete work on operative surgery, lo addition to the author'ij clear and forcible 
Bt?lB, we find everything splondidly illustrated that could in any eense of tho word require 
illostratinr" "—■"-■■ ''"-■- 



Ufostrating." — 3ouChern CUiiio. 



refer. 
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"It is tho character of book that every eureoon needs for ready .^ , 

always that one haa time to refer to more comprehensive works, or to atlases. It i^espedally 
uaeHil for phyaicioos in the country, who have not the amount of surffioal rraotiee required 
IQ keep them familiar with the entire fleU of operation."— .^jnenVon Pradiliona- and Stwt. 

" The nnthor of this work aeema to know how. in the briefest space, lo irivo the student 

're ea'ahliBbed " ' '"' >-■ ;- 

t fully illusti 
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le pages, aud containing i 
' are colored, is one of tbe 1 
lost complete, works on general 



TliLB work, coDs[3ting of Beven bundred and Eixtj-nii 
hundred and Beventj-ane illustrationa, of which about fifti 
beautiful and unique, and at tbe aaiiie time one of the a 
Burger; ever published. 

It ia printed in clear, ta^ tjpo on a Buperlor qoalitj of paper, and tiio book. Urge 
nitbout beiug buiky, is in a shape to be easily handled. The illuatratious arc (^tecuted 
with eapecial reference to the accurate anatomj of the parts represented ; the relations of 
bones, muscles, nerres, apd vessels to adjacent structures ; and lines of incision are indi- 
cated in operations about the jointa and articulations, thus eiplaining and simplifying 
their descriptions in the text. The colored illustrations which depict tbe more important 
operations, especially with reference to the large arteriea, constitute a norel and very im- 
portant feature of the work. 

The following brief synopsis will convey an idea of the plan of the work: 

preliuiinsry to the considemtiou of the various operations the author thoroughly 
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diBom 

the maunor ot'applyinj^ iHuida^a in tbs various torma employed in difibreot parts of tlie 
body ; anjesthesia, both local and general, including the einplojnient of cocaine as a local 
aniBsthotic: the use -and mothod or admiuisterin){ ethui and chloroform; InBtnunenta and 
thoir uflBs ; htemoatafila and the atter-treatmeot of eoaeB, 

Inflammation, its l1au^^eB and motbodt of treatment; wounds and the manner of clornDs 
them; tranafuaion, poisoDcd waunds. bums and acalds, f^ngrene, and the varioua Borgiuu 
lesions are tborou!;hly con^tide^ed und their appropriute treatment given, 

Amputntiooa, with full and minute details of the monuor of performing them, and the 
different methodi employed, constitute an important chaptflr in the book. All the prio- 
dpal opemtiona are illustrated by colored angruvings made from direct traainga of i'rozen 
sectiona on the cadaver. 

The section devoted to the sjiorien and the procedures necessary in I'nting them is 
one of the moat important and most beautifully illustrated portiona of the work. The 
woodcuts ihowinj; the relation of the parts involved in tying; the important arteriea are 
colored, and their snatomy ia depicted in a wonderfrilly clear and seaurBto moouer. 

Surreal diseases and surgery of tlie boaee; surgery of the articulations, Togionnl 
surgery, including the common operations on the eye, ear, and jawa; tamom about tbe 
neok, tliyreotomy, laryngolomy, tracbeotomy, and tesophagotoniy ; the sureery of tho 
thorax aod abdomen; and operouona on tho rectum and onus are dealt with in the light 
of the most advanced surjpcal kuowledjfc. 

Genito-urinary sur^nry and specifia lesions receive a due share of attention, as da do- 
formitiea of the spine and extremitiea, and malignant tumors and growths. 

This work, written by an accomplished surgeon of wide eiperience, and fully abreast 
of the highest attainments in surgical knowledge and sdence, presents to the student and 
practitioner a means of acquaintii^ bimself with modem surgery as it is tought and prac- 
ticed by a master of the art, and will enable bim to prepare himself for the intelligent 
pcrfoi'mance of many operations, and to treat many surgical lesions nith which he majr 
feel he is not suffldently familiar. 

D. APPLETON & CO., Publishers, 

1. B.Oi 5 BOND ST., NSW TOSK. 
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Use of Studenta and Practitionera. 9xth fdlUon, revised and enlarged. Svo 
Cloth, $5.00; sheep, $6.00. 

BARTIIOLOW (ROBERTS). On the Antagoniaiu between Medicines and be- 
tween Remedies and Diseaaes. Being the Cartwright Lectures for the Year 
1880. Svo. Cloth, $1.25. 

: Cerebral, Bulbar, aud S|)inal. Dlus- 

Tlie Brain aa an Organ of the Mind. 12mo. 

CHARITY HOSPITAL REPORTS. Edited by W. A. Hara- 

1, by Hygiene, 

e Public Health, and 



Cloth, $4.00. 



BILLROTH (TUEODOR). General Surgical Pathology and Therapeutics. A 
Test-Book for Studenta and Physicians. Translated from the tenth German 
edition, by special permission of the autljor, by Charles E. Hacbley, M. D. 
Flftb Imcrifu cdltluD, rrtvisnl md folanced. Svo. Cloth, $6.00; sheep, $6.00. 

BPlAMWELL (BYROM). Diseases of tbe Heart and Thoracic Aorta. lUua- 
Irated with 3itl Wood-Engravings and 68 Lithograph Plate* — allowing 01 
Figurea— in all 317 Illuatrations. 8vo. Cloth, $8.00; sheep, $9.00. 

BRYANT (JOSEPH D.). A Manual of Operative Surgery. Sew editiaa. rcTlwd 
and cnlarsed. 793 IQustrations. Hvo. Cloth, $5.00 ; aheep, $6.00. 



BUCK (GURDON). Oontributiona to Reparative Surgery, ahowing its Applica- 
tion to tbe Treatment of DeformitieB produced by Degtruutive Disease or 
Injury; Congenital Defecta from Arrest or Esceiw of Development; snd 
Cieatriciftl ConlraotioBB following BnrnB. Illnstrated by Thirty Cases and 
fine EngravingB. 8yo, Clotb, $8.00. 

BURT (STEPHEN SMITH). Exploration of the Chest in Health and Diaease. 
(/« press.) 

CAMPBELL (F. R.). The Longnage of Medicine. A Mannsl giving tho Origin, 
Etymology, Pronnnoiation, and Meaning of tbe Tecbnioal Terms foond in 
Medical Literature. 8vo. Cloth, $3.00. 

CARPENTER (W. B.). Principles of Mental Physiology, with their Applica- 
tion to the Training and Discipline of the Mind, and the Stndy of its Morbid 
Conditions, iflrao. Cloth, $8.00. 
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OOOLEY. Oyclopiedia of Practical Receipt?, and Collateral Information 

Arts, Meliafaotores, Profesdions, and Trades, including Medicine, Pharmacy, 
and Domestic Economy. Designed as a ComprehensiTe Supplement to the 
Pharmacopceia, and General Book of Reference tor the Manntacturer, Trades- 
man, Amateur, and Heads of Families. Slxlb edition, revised and partly re- 
written by Richard V. Tuson. With Illustrations. 2 vols., 8vo. Cloth, 19.00. 

OORNIKG (J. L.). Bruin Exhaustion, with some Prejiminnry Oonsiderations 
on Cerebral Dynaoiica. Crown 8vo. Clotb, $2.00. 

CORNING (J. L.). Local Auffiatheaia in General Medicine and Surgery. Being 
tbe Practical Application of the Author's Recent Discoveriag. With Hlus- 
trationa. Small 8vo. Cloth, $1,25. 
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EVANS (GEORGE A.). Hand-Book of Historical and Geographical Phthisi- 
ology. With special Reference to the Distribution of Ooneamption in the 
United States. 8vo. Cloth, $2.00. 

EVETZKY (ETIENNE). The Physiological and Therapeutical Action of Ergot. 
BeingtlieJosephMatherSmithPrizeEssayforlBSl. 8vo. Limp cloth, $1.00. 



FLINT (AUSTIN). Medicine ol the Future. An Address prepared for the 
Annual Meeting of the British Medical Association in 18S6, With Portrait 
of Dr. Flint. 12rao. Cloth, $1,00. 

FLINT (AUSTIN, Jb.). Text-Book of Horaan Phyaology; designed for tbe 
Use of Practitioners and Students of Medicine. Illustrated with three 
hundred and sixteen Woodcuts and Two Plates. Fanrtb rdlOon, rcTised. 
Imperial 8vo. Oloth, 16.00; sheep, $7.00. 

FLINT (AUSTIN Jr.). The Physiological Effects of Severe and Protracted 
Muscular Exercise; with S])ooial Reference to its Influence upon the Excre- 
tion of Nitrogen. 13mo. Cloth, $1.00. 




FLINT (AUSTIN, Jk.)- Physiology ot Muii. Designed to represent Uie Exist- 
ing State of Ptiysio logical Science a,a applied to the Functions of the Human 
Bodj. Coraple'te in B vols., 8vo. Per vol., oloth, |t.50 ; sheep, $B.50. 
'^f" Vols. I and 11 can be had in cloth and sheep biudiDg; Vol. Ill in sheep 
only. Vol. IV is ut present out of print. 

FLINT (AUSTIN, Jr.). The Source of Muscular Power. Arguments and Con- 
clusions drawn from Observation upon the Human Subject under Oonditions 
o( Rest nnd of Muscular Exercise. I2mo. Cloth, $1.00. 

FLINT (AUSTIN, Js.). Manual ot Chemical Examinations of the Urine in 
Disease; vfith Brief Directions for the Examination of the most Common 
Varieties of Urinary Calculi. Reviaed edition. 12mo. Cloth, Jl.OO. 

FOSTER (FRANK P.). Illuatrated Encjclopoedic Medical Dictionary, being 
a Dictionary of the Technical Terms used by Writers on Medicine and the 
Collateral Sciences in the Latin, English, French, and German Langnuges. 
This work will be completed in fonr volnmes. (Sold by ru^KTiption only.) 
Volume one now ready. 8vo. Sheep, #10.(10; half morocco, $11.00. 
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FOURNIER (ALFRED). Syi.hilis and Marriage. Translated by P. Albert 
Morrow, M. D. 8vo. Cloth, $2.00; sheep, fS.OO. 

FREY (HEINRICll). The Histology and Hiatoohemiatry of Man. A Treatise 
on the Elements of Composition and Stracture o( the Human Body. Trans- 
lated from the fourth German edition by Arthur E. J. Barber, M. D., and 
revised by the anthor. With fiOS Engravings on Wood, 8vo. Cloth, $5.00 ; 
sheep, $6.00. 
FRIEDLANDER (CARL). The Use of the Microscope in Clinical and Patho- 
lofrical Examinations. Second edition, enlarged and improved, with a 
Ohro mo-lithograph Plate. Translated, with the permission of the author, 
by Henry 0. Coe, M. D. 8vo. Cloth, $1.00. 
GARMANT (JASPER J.). Operative Surgery on the Cadaver. Witb Two 
Colored Diagrams showing the Collateral Circulation after Ligatures of 
Arteries of Arm, Abdomen, and Lower Eitremity. Small 8vo. Oloth, 
$2.00. 
GERSTER (AEPAD G,). The Rules of Aseptio and Antiseptic Snrgery. 
A Praoticnl Treatise for the Use of Students and the General Practitioner, 
lllnslrated with over two hundred fine Engravings. 8vo. Oloth, $5.00; 
sheep, $<>.00. 
GROSS (SAMUEL W.). A Practical Treatise on Tumors of the Mammary 

Gland. Illustrated. 8vo. Cloth, $2.50. 
GUTMA NN (EDWARD). The Watering- Places and Mineral Springs of Ger- 
many, Austria, and Switzerland. Illustrated. 12mo. Cloth, $2.50. 
GYN^OOLOGTOAL TRANSACTIONS. Svo. Cloth, jier volume, $5.00. 

Vol. VIII. Being the Proceedings of the Eighth Annual Meeting of the 
American Gyntecologioal Society, held in Philadelphia, 
September 18, lU, and 30, 1S88. 
Vol. IX. Being the Proceedings of the Ninth Annual Meeting of the 
American Gjntecological Society, held in Chicago, Septem 
ber 30, and October 1 and 2, 1884. 
Vol. X. Being the Proceedings of the Tenth Annual Meeting of the 
American Gynecological Society, held in Wnsliiniiton, Tl. (1., 
■ "•., 23, and 2i, 1886. 



GYNAECOLOGICAL TRANSAOTIONS. 8vo. Cloth, per volnrae, *6.00. ■ 
Vol. XL Being the Proceedings of the Eleventh Aonual Meeting o 

American Qjntecological Society, held in Raltimore, Mnry- 

land, September, 31, 23, and B3, 1SH6 
Vol. XII. Being tho Proceedings of the Twelfth AiiQiial Meeting of the 

Araorifian GjnfflGologicaJ Society, held in New York, Tnes- 

daj. "Wednesday, and Thursday, September 13, !4, and 15, 

1887. 

HAMMOND {W. A.). A Treatiae on Diseases of the Nervons System. Hgbth 
edlttoii, rewritten, enlarged, and improved. 8vo. Cloth, $S.OO ; sheep, $6.00. 

lity, in its Medical KeUtions. 8vo. 

HAMMOND (W. A.). OJinical Lecturea on Diseases of the Nervous Sygtem. 
Delivered at Bellevne Hospital Medical College. Edited by T. M. B. Oroaa, 
M. D. 8vo. Oloth, I3.B0. 

HARVEY (A.). First Lines of Therapentics. 12mo. Cloth. $1.50. 

HOFFMANN-ULTZMANN. Anfllyais ot the Urine, with Special Reference 
to Diseases of the Urinary Apparatus. By M. B. Hoffmann, Professor in 
the University of Gratz; and R. Ultzmann, Totoi' in the University of 
Vienna. Seund eiltreed and Improved edttloD. 8vo. Cloth, |3.00. 

HOWE (JOSEPH WV). Emergendea, and how to treat them. Fourth edition, 
revised. 8yo, Cloth, $3.50. 

HOWE (JOSEPH W.). The Breath, and the Disea-ses which give it ti Fetid 
Odor, With Directions for Treatment. SCMDd edition, revised and corrected. 
12mo. Cloth, $1.00. 

HUEPPE {FEEDINAND). The Methods of Bacleriologieal Investigation. 
Written at the request of Dr. Robert Koch. Tranalated by Herinitnn M, 
Biggs, M.D. niustrated. 8vo. Cloth, $3.50. 



JONES (D. MAONAUGnTON). Practioid Munaal of Diseases of Women and 
Uterine Therapeutics. For Stndents and Practitioners. 188 Illnstrations. 
ISmo. Cloth, $3.00. 

JOURNAL OF CUTANEOUS AND GENITO-URINARY DISEASES. 
Pablished Monthly. Edited by Prince A. Morrow, A. M., M. D,, and John 
A. Fordyce, M. D. Prioe, $3.60 per aJiniim, or, if taken in connection with 
the " New York Meilical Journal " ($5.00 per annum), the two pubbcations 
will be furnished at $7.00 per annum. 

KEYES (E. L,), A Practical Treatise on Genito-Urinary Diseases, inclading 
Syphilis. Being a new edition of a work with the same title, by Van Bnren 
and Keyes, Almost entirely rewritten. 8vo. With I! lustrations. Cloth, 
$5.00 ; sheep, $6.00. 



KINGSLEY (N. W.). A Treatise on Oral Defonnities as a Branch of Mechani- 
cal Surgery. With over 350 IIlustratioDS. 8vo. Cloth, $5.00 ; sheep, $ 

LEGG (J. WIOKHAM). On the Bile, Janndice, and BUious Diseases. With 
Illustrations in Chromo- Lithography, Svo. Cloth, $6.00 ; sheep, $7.00. 





(TTLE (W. J.J. Medioal and durpoal Aspeeta uf Ju-KDee (Gunu- Valgum): 
its Relation to Rickets, its Prevention, und ita Treutment, with uiid witbouL 
Surgical Operation. lUoBtrated by n[iward of Fiftj Figares and Diagraini^. 
8vo. Cloth, $2.00. 

BAKING (EDWAKD U.l. A Teit-Boi.k of Ophtialmosoopj. Pai't I. Tlii 
Normd Eye, Determination of Refraction, andDiaeaaes of the Media. Willi 
131 llluBtratioiis, and i Chrorao-Lithograplis. Svo. Cloth, |5.(KI, 

idwifery. With 346 IlluBtra- 
Cloth, $5.00; sheep, $6.00. 
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MAUDSLET (HENRY). Bodj aod Mind: an Inquiry into their Connection 
and Mutual Infiuence, speciall; in reference to Mental Disorders. An 
enlarged and revised edition, to which are added Psychological Ebsbjs. 
12mo. Cloth, 11.50. 

MAODSLEY (HENRY). Piiysiology of the Mind. Being the first part of a 
third edition, revised, enlarged, and in great part rewritten, of " The Phys- 
iology ond Pathology of the Mind." ISmo. Clotli, |2.00. 

MAUDSLEY (HENRY). Pathology of the Mind. Third edition. 12ino. Cloth, 



Mental Disease. 13riio. Cloth, 



NEFTEL (WM. B.). G-alvano-Therapentics. The Phyaiological and Therapeuti- 
cal Action of the Galvanic OuTrent upon the Aconstic, Uptio, Synipatlietic. 
and Pneuinogaatric Nerves. 12nio. Cloth, |1.60. 

NEUMANN (I8ID0R). Haud-Book of Skin Diaeaaes. Translated hy Luciua 
D. Bulkley, M. D. lHostrated by 86 Wood-En gravings. Svo, Ciuih, 
$4.00 ; sheep, $5.00. 

THE NEW YORK MEDICAL JOURNAL (weekly). Edited hy Frank P. 
Foster, M. D. Terms per annnra, $5.00, or, if taken in connection with the 
Journal of Cnteneoua and Genito-Unnary Diseaaea ($'J,50 per annnni), the 
' two publications will be supplied at $7.00 per aDnnm. 
Binding Cases, cloth, 60 cents each. 



1, Index, from April, ] 



June, 18T6 (33 vols.) Svo. Cloth, 75 



THE NEW YORK MEDICAL JOURNAL VISITING-LIST AND COM- 
PLETE POCKET AOOOUNT-BOOE. Prepared' by Oharlea H. Shcar^ 
M. D. $1,35. 

JIIEHEYER (FELIX VON). A Text-Book of Practical Medicine, witii particu- 
lar reference to Physiology and Patliologioal Anatomy. Containing all the 
aiithor'a Additiona and Revisiona in the eighth and last German edition. 
Translated by George H. Humphreys, M. D., and Charles E. Hackley, M. D. 
2 vols., Svo. Cloth, |S>.00; sheep, |I1.00. 



NIGHTINGALE'S (FLORENCE) Notes on Nuraing. 



Cloth. 75 0. 



PEASLEE (E. R.). A Treatise on Ovarian Tumora : tlieir Patboli^, Diagnosis, 
dtid Treatment, with referenne especially to Ovftriotomy. With Illuetru- 
dons. 8vo. Cloth, IS.CK); sheep, |6. 00. 

PEREIRA'8 (Dr.) Elements of Materia Medica and Therapeutics. Abridged 
and adapted for the Use of Medical and Pharmaceutical Practitiunere sod 
Students, Bud comprising all the Medicines of the British Pbarmacopceia, 
with such others as are Ireqiientlj ordered in Prescriptions, or required by 
the PhyHleian. Edited by Robert Bentley and Theophilus Redwood. Royal 
8vo. Cloth, 87.00; sheep, $8.00. 

PEYER (AIJIXANUER). An Atlas of Clinical Microscopy. Translated and 
edited by Alfred 0. Girard, M.D. First American, trom the manuscript 
of the second German edition, with Additions. Ninety Plates, with 105 
lUustrutions, Chromo-Lithogniphs. Square 8vo. Olotb. |0.00. 

POMEROY (ORES D.). The Diagnosis and Treatment of Diseases of the E 
With One Hundred 11 tu strati uns. Setond MUtlan, revised aud eidarged. 8t<Q 
Olotb, $3.00. 



QUAIN (RtOnARD). A Dictionary of Medicine, iueluding General Pathology, 
General Therapeutics, Hypene, and the Diseases peculiar to Women and 
Children. By Various Writers. Edited by Richard Qnain, M.D., In one 
large Svo volume, with complete Index, and 138 Ulnstrations. (^Sold only 
by mhseription.) Half morocco, $9.00. 

RANNEY (AMBROSE L.). Applied Anatomy of the Nervous System, being a 
Study of this Portion of the Human Body from a Standpoint of its General 
Interest and Practical Utility, designed for Use as a Teit-Book and as a Work 
of Reference. Scfond edltton, reTlwd and eihujed. Profusely illustrated. Svo. 
Cloth, $5.00 ; sheep, $ti.OO. 

RANNEY' (AMBROSE L.). Lectures on Eiectrioiw i 

the Medical Department of the University of Vermont, Burlington, 
merous Illustrations. 19mo, Cloth, $1.00. 

RANNEY (AMBROSE L.). Practical Suggestions reapeoting the Varieties o 
Electric Currents and the IJses of Electricity in Medicine, with Hints relat- 
ing to the Selection and Oare of Electriesl Apparatus. With Illustratione 
and 14 Plates. 16ino. Cloth, $1.00. 



if Dermatology. Revised and o 



ROSOOE-SCHORLEMMEK. Treatise on Chemistry. 

Vol. 1. Non- Metallic Elements. Svo. Clolh, $5.00. ' 

Vol 2. Part I. Metala. Svo. Cloth, $8.00. 

Vol. 3. Part If. Metals. Svo. Cloth, $3.00. 

Vol. 3. Part I. The Chemistry of the Hydrocarbons and their Derivatives. 
Svo. Cloth, $5.00. 

Vol. 3. Part II. The Chemistry of the Hydrocarbons and their Derivativ«8. 
Svo. Cloth, $5.00. 

Vol. 3. Part III. The Chemistry of the Hydrocarbons and their Deriva- 
tives. Bvo. Cloth, $8.00. 
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R0800E-SCH0RLEMMER. Treatise on Chemistry. 

Vol. 3. Part IV. This part includes a description of the Aromatic Oom- 
pounds containing seven atoms of (Jarhon. The first portion is concerned 
with the Toluene Groap, then come the Benzyl, Benzoyl, ^nd Ilydrobenzil 
Groups, and lastly the Xylene Group of eight Oarhon Conipoanda. 
Oloth, tS.OO. 
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SAYRE (LEWIS A.). Lectures on Orthopedic Surgery and DisfiusfeB of the 
Joints, delivered at Bollevue Hospital Medical College. N«w edition, illus- 
trated with 324 Engravings on Wood, 8yo. Oloth, 15.00 ; sheep, je.OO. 

SOHROEDER (KARL). A Manual of Midwifery, including the Pathology of 
Pregnancy and the Puerperal State. Translated into English from the third 
German edition, by Charles H, Carter, M.D. With 26 Engravings on Wood. 
8vo. Cloth, $3.50 ; sheep, $4.60. 

SCHULTZE (B. S.). The Pathology and Treatment of Displacements of the 
Uterus. Translated from the German by Jamesoii J. Macan, M. A., etc; 
and edited hy Arthur V. Macan, M. B., etc. With One Hundred and 
Twenty IJlustratioua. 8vo. Cloth, *3.50. 

SHOEMAKER (JOHN V.). 

Chromo-Lithographa ai 

JIl.OO. 
SIMPSON (JAMES Y,). Selected Works; Aniesthesia, Diseases of Women, 

3 Tols., 8vo. Per volume. Clotli, $3.00; sheep, $4.00. 
SKENE (ALEXANDER J. C). A Text-Book on the Diseases of Women. 

Illustrated with two hundred aud fifty-four Ulustrations, of which one 

hundred and sixty-five are ori^nat, and nine oiufomo-lltbogrflphs, (Sold by 

sulseription only.) 8vo. Oloth, $8.00 ; aheep, $7.00. 
SMITH (EDWARD). Foods. 12mo. Oloth, $1.75. 

SMITH (EDWARD). Health: A Hand-Book for Households and Sfhools. 
Illustrated. ISmo. Cloth, $1.00. 

8TEINER (JOHANNES). Oompendinm of Children's Diseases: a lland-Book 
for Practitioners and Students. Translated from the second German edition, 
by Lawson Tait. 8vo. Cloth, $3.50 \ sheep, $4.60. 

STEVENS (GEORGE T.) Functional Nervous Diseases: their Causes and 
theii Treatment. Memoir for the Concourse of 1881-1883. Acadfimie Royal 
de M^decine de Belglque. With a Supplement, on the Anomalies of Re- 
fraction and Accommodation of the Eye, and of the Ocular Muscles. Small 
8vo. With six Photographic Plates and twelve lUustratlonH. Cloth, $2.60. 

STONE (R. TRENOU). Elements of Modem Medicine, -including Principles ol 
Pathology and of Therapentius, with many Useful Memoranda and Valuable 
Tables of Reference. Accompanied hy Pocket Fever Charts. Designed for 
the Use of Students and Practitioners of Medicine. In wallet-book form, 
with pockets on each cover for Memoranda, Temperatnre Charts, etc. 
Roan, tuck, $2.50. 

STRECKER (ADOLPH). Shoit Text-Hook of Organic Chemistry. By Dr. 
Johannes Wisliceuus. Translated and edited, with Extensive Additions, by 
W. H, Hodgkinsun and A. J, Greenaway. Sro, Cloth, $0.00. 

STRtMPELL (ADOLPII). A Text-Book of Medicine, for Students and Prac- 
titioners. With 111 Illustrations. 8vo. Olotli, $S.OO; sheep, $7.00. 



SWANZY (HENRY R.). A Huud-Book o( the DiseaaeH of the Eye, Bnd their 
Treatment. With 122 Dhi9trationB, and Ho] mgren's Testa for Ootor-Blind- 
negs. Grown 8vo. Oloth, tZM. 



TRACY (ROGER 8.). Hand-Book of Sanitary In formatiou for HoUBeholdera. 
Containing Facts and Sngeeations abont Ventilation, Drainage, Oare of Oon- 
tagioiiH Diaeaaes, Diainfectiun, Food, and Water. With Apiiendioes on Dia- 
infeotante and Flamtters' Materials. Idino. Clotii, 50 cents. 

TRANSACTIONS OF TilE NEW YORK STATE MEDICAL ASSOCIA- 
TION, VOL. I. Being the Prooeedinga of the First Annual Meeting of the 
New York State Medical Association, held in New York, Noveliiher 18, 19, 
and 20, 1884. Small 8vo. Cloth, $5.00. 



VAN BDRF.N (W. H.)- Lectures upon Diseases of the Rectum, aud the Sur- 
gery of the Lower Bowel, delivered at Bellevne Hospital Medical College. 
ScMBd (dItiMi, revised ui enluind. 8vo. Cloth, $3.0U ; sheep, $4.00. 

VAN BUEEN (W. H.). Lectures on the Principles 
Delivered at Bellevue Hospital Medical College, 
son, M. D. Svo. Cloth, $4.00 ; sheep, $6.00. 

VOGEL (A.). A Practical Treatise on the DiseaseB of Children. Translated 
and edited by H. Raphael, K. D. Third incritaa tnna Ihe e^hth (iemun edi- 
Uh, MTlsed ud enlufxdi Illustrated by six Lithographic Plates. 8vii. 
Cloth, I4.D0 ; sheep, IS.oO. 

VON ZEI8SL (HERMANN). Outllnea of (lie Pathobgy and Treatment of 
Syphilis and Allied Venereal Diseases. Second editlaa, revised bj Maximil- 
ian von Zeiaal. Authorized edition. Translated, with Notes, by H. Ra- 
phael, M. D. 8vo. Cloth, $4.00; sheep, $5.00. 

WAGNER (RUDOLF). Hand-liook of Chemical Technology. Translated and 
edited from the eighth German edition, with eslonsive Additions, by WiUiam 
Crookes. With 336 Illustrations. 8vo. Cloth, $6.00. 

WALTON (GEORGE E.). Mineral Springs of the Dnited States and Oanadas. 
Containing the latest Analyses, with fnll Description of Loeaiities, Routes, 
etc. BHond editlaa, revised aid tnlarged. ISmo. Cloth, $2.00. 



WEEKS (CLARA S.). A Test-Book of Nursing. For the Use of Traiuing- 
Sohools, Families, and Private Students. 12mo. With 13 Rliistrations, 
Questions for Review and Examination, and Vocabulary of Medical TeriuB. 
12mo. Olotli, $1.76. 

WELLS (T.8PEN0EB). Diseawa of the Ovaries. Bvo. Cloth, $4.50. 

WYETH (JOHN A.). A Text-Book on Surgery : General, Operative, and Me- 
chanical, Profusely illustrated. {Sold 7iy tubaeriptitinonly.) Bvo. Buck- 
ram, uncut edges, $7.00 ; sheep, $8.00 ; half morocco, $8.50. 
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